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Normal or even increased cardiac output was shown by McMichael and Sharpey-Schafer (1944) 
and by Richards (1945) to be present in failure of the circulation secondary to lung disease, and has 
since been considered as one of the essential features that distinguishes this condition from heart 
disease primarily affecting the left ventricle. The techniques of cardiac catheterization then in use, 
however, did not permit detailed analysis of other alterations in circulatory dynamics that might 
exist. With the introduction of new methods for recording the intra-cardiac pressures it has 
been possible to extend these studies of the circulatory changes resulting from chronic disease of the 
lungs and to draw some tentative conclusions as to their mechanism. 


MATERIALS AND METHODS 


Selection of Patients. Of a large number of patients with chronic bronchitis and emphysema 
available, only those suspected of having heart involvement secondary to their pulmonary disease 


were chosen for investigation. As a consequence, it was recognized that the pulmonary disability 
of this group would probably be of particularly advanced degree. Co-existing systemic hypertension 
or ischemic heart disease did not bar inclusion in this series, but patients considered to have left 
ventricular failure from either of these two causes were omitted. Cases of active tuberculosis, 
marked kyphoscoliosis, or pneumoconiosis were also excluded. On the basis of this selection, the 
data obtained in 24 patients admitted to Hammersmith Hospital during the past two years were 
suitable for analysis. 


Since these patients were studied at various stages in the course of their disease and at varying times after 
their admission to hospital, it was necessary to divide them into roughly comparable groups. On clinical 
grounds alone, the presence or absence of congestive cardiac failure was thought to be the most significant 
feature. When patients were judged clinically to have made some degree of recovery from congestive failure 
at the time of investigation, they were placed in a separate group. Thus, three groups of patients were 
established—Group I, those with no evidence of past or present congestive failure; Group II, those with 
failure at the time of study; and Group III, those recovering from a recent episode of failure. 

Respiratory Studies. Respiratory function studies were carried out with the general purpose of confirm- 
ing the clinical impression of pulmonary emphysema. Consequently, in most cases, only one examination 
was made, and this was usually at a time when recovery from any acute process had occurred, not necessarily 
in close time relationship to cardiac catheterization. 

Lung volume subdivisions were estimated according to the method of McMichael (1939). The maximal 
breathing capacity was measured using the same apparatus. The degree of impairment of pulmonary mixing 
and the volume of poorly-ventilated lung were estimated by the helium method (Bates and Christie, 1950; 
Briscoe et al., 1951). 

Circulatory Studies. Cardiac catheterization, with measurement of the cardiac output by the direct 
Fick principle and recording of the right ventricular or pulmonary artery pressures by strain gauge mano- 
metry, was carried out as previously described by Bayliss et a/. (1950). Seven of the patients were catheter- 
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ized on two occasions: of these, five had both studies performed during a single admission for congestive 
cardiac failure (Cases 20-24); the remaining two were initially catheterized during recovery from an acute 
attack of bronchitis with associated cardiac failure, and were re-investigated during a subsequent hospital 
entry (Cases 15 and 16). 

All catheterizations were performed in the early afternoon at least two hours after the patients had eaien 
a light lunch. No premedication was given. A level 5 cm. behind the frontal plane passing through the 
sternal angle was chosen as the zero position to which all intracardiac pressures were referred. In several 
instances, however, where the antero-posterior diameter of the chest was much increased, the level was 
arbitrarily lowered to 7cm. Because orthopneea was so frequently present, most subjects had to be studied 
in the semi-recumbent position. In these patients, the zero level was marked on the thorax at the inter- 
section of the zero plane with the fifth intercostal space. In most cases strain gauge recordings of the 
femoral or brachial arterial pressures were obtained simultaneously with the intracardiac pressures. All 
pressure values were averages of measurements over at least two respiratory cycles. 

Oxygen consumptions were measured by Benedict-Roth spirometer or in more recent studies by Douglas 
bag measurements and Haldane gas analysis. In the determination of body surface area, the patient’s 
weight on the day of catheterization was used; no attempt was made to correct for ceedema. The oxygen 
uptake of venous and arterial blood samples was measured directly in the modified Haldane blood-gas 
apparatus (Latham, 1950). In calculating the percentage oxygen saturation in arterial blood, the value 
used for total oxygen capacity was derived from the hemoglobin concentration measured in a photo- 
electric colorimeter. 

Where the effects of cardiac glycosides were studied, a single dose of digoxin, varying from 0:5 to 1-5 mg., 
and in one instance, ouabain, 0-75 mg., was injected slowly through the catheter. Determinations of cardiac 
output and pressure recordings were obtained at approximately 10-minute intervals over a period of 30 to 
60 minutes. Either a BLB oro-nasal mask or the Benedict-Roth spirometer was used to administer oxygen. 
A minimum period of six minutes was allowed for equilibration before any measurements were made. 

The effects of exercise were determined in five cases. The patient carried out bicycling movements with 
his legs against manual resistance for two to three minutes. Right ventricular pressures were obtained 
immediately afterwards in all, but cardiac outputs were determined in only two subjects. 


RESULTS: I. CLINICAL EVALUATION 


The clinical data are summarized in Table I. There were 20 men and 4 women in the series 
with an average age of 53 years; their occupations varied widely. Pulmonary symptoms ranged, 
in total duration, from 6 to 40 years; and three major patterns of onset of these symptoms were 
noted. Many patients had been subject to repeated episodes of winter colds and “* bronchitis,” 
which gradually increased in severity and began to recur each year. Several others dated their 
symptoms from a specific respiratory illness, which was usually described as “* pneumonia.’ Thirdly, 
a few patients with long histories of asthma had noted the gradual development of a persistent 
cough. Regardless of the type of onset, the symptoms had become similar in all patients. Each 
had a round-the-year cough, usually productive of sputum, and gradually all had developed 
dyspneea on exertion. This had appeared, on the average, 10-15 years after the onset of 
the bronchitic symptoms, but in a few instances it had been prominent from the very beginning of 
the illness. Considerable fluctuation in exercise tolerance occurred: cold weather, heavy fog, 
or minor respiratory infections all increased their dyspneea; several of the patients with asthma, 
however, were most incapacitated in the summer. Since all patients were subject to exacerbations 
and remissions, it was difficult to classify with certainty the degree of their disability. In some, 
symptoms derived from congestive cardiac failure gradually merged with those from their pulmonary 
disease. Unless ceedema had been noted by the patient, however, it was impossible from his 
symptoms to date the onset of cardiac failure accurately. 

Certain other symptoms, less frequently encountered, were also directly ascribable to pulmonary 
disease. Four patients had episodes of mental confusion and drowsiness during attacks of acute 
bronchitis, at a time when they were intensely cyanotic. One had fainting spells precipitated by 
coughing (Charcot’s laryngeal vertigo). Blood staining of the sputum was rare: hemoptysis 
occurred in one patient, but here there was evidence of complicating bronchiectasis. 

The majority of the patients were admitted to hospital in an acute exacerbation of bronchi‘is 
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or in congestive heart failure, the latter usually being clearly associated with an acute respiratory 
infection. Several, however, entered for investigation in a relatively quiescent phase of their 
disease. All of the acutely ill patients were dyspneeic at rest and orthopneeic. Fever was not usually 
present. Twenty were observed to be cyanotic, and of these ten had early clubbing of the fingers. 
The findings on examination of the chest almost always followed a similar pattern. Movements 
of the thoracic cage were limited, and the antero-posterior diameter increased. On auscultation, 
there was often poor air entry, and loud rhonchi or coarse rales were audible throughout both lung 
fields; signs of bronchospasm were sometimes present. Abnormal findings restricted to localized 
areas of the lungs were unusual. 

The anatomical changes in the thoracic cage associated with emphysema usually prevented any 
clinical estimation of the cardiac size. For the same reason, the heart sounds were faint over the 
precordium and an accentuated pulmonary second sound could be heard only rarely. Forceful 
pulsation in the epigastrium, suggesting right ventricular hypertrophy, was present in half the 
patients. By auscultation in the epigastrium, it was occasionally possible to detect a gallop rhythm 
not audible at the apex. Fifteen patients had diastolic blood pressures of 90 mm. Hg or higher on 
entry to the hospital, although these frequently fell to lower values within several days. Eight, 
however, had persistent systemic hypertension. All had a regular sinus rhythm with the exception 
of Case 18, who had transient episodes of auricular fibrillation. Signs of systemic venous congestion 
were present in 14 patients on admission. The presence of a palpable liver could not be considered 
a sign of venous congestion since many of the patients had a low diaphragm. 

In general, the remainder of the physical examination added little of significance. In three 
patients, however, papillcedema was found to be present without localizing evidence of intracranial 
disease—a finding previously described in chronic bronchitis and emphysema (Simpson, 1948). 

None of the routine clinical laboratory determinations was consistently abnormal. Hemo- 
globin level was greater than 16 g. per 100 ml. in 11 patients. The leucocyte count ranged on 
admission from 6000 to 28,000; it was sometimes normal even in the presence of undoubted bron- 
chial infection. In the 16 in whom the alkali reserve was measured, it tended to be in the upper 
range of normal, and was increased in three. 

Routine chest X-rays were usually interpreted as showing evidence of chronic bronchitis and 
emphysema. Cardiac enlargement was frequently seen in the presence of congestive heart failure 
(Fig. 1), but often it was difficult to assess the degree of specific chamber enlargement from the films, 
most of which were taken at the bedside. Prominent pulmonary arteries were observed in six 
patients. 

Electrocardiographic findings of incomplete right bundle branch block or right ventricular 
hypertrophy were present in half the patients. A detailed analysis of the cardiograms is in pre- 
paration (Mounsey ef a/., unpublished). 

In addition to the primary diagnosis of pulmonary emphysema and chronic bronchitis, a 
diagnosis of asthma was made in seven patients. Infection of a more acute nature was apparent in 
eight, designated in Table I by the term “** acute bronchitis on entry.” 

Congestive heart failure was considered to be present in 16 patients on the basis of a raised 
jugular venous pressure with or without ceedema. In general, patients in failure fell into two cate- 
gories. Four (Cases 9, 15, 17, 20) had transient elevation of the venous pressure without cedema 
in direct association with their acute infection. The remaining twelve had congestive failure 
of a more chronic nature in which the raised jugular venous pressure was present for a longer period 
of time and was associated with some degree of cedema, varying from slight ankle cedema to gross 
anasarca. 

In the acute phase of their disease, patients were treated with antibiotics, bronchodilators, «nd 
oxygen. It was of interest that three patients responded poorly to oxygen administration. Although 
their cyanosis disappeared, they became lethargic and semi-comatose, and improved only when 
removed from the oxygen tent. In Case 12, further study showed that oxygen inhalation was 
associated with a rise in arterial CO, content and in cerebrospinal fluid pressure. 
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CIRCULATORY CHANGES IN SEVERE 





A B 


Fic. 1.—Teleradiogram of chest of Case 20. (A) Patient ambulant; no congestive phenomena. (B) Patient 
in gross heart failure during an attack of acute bronchitis. Both are two-metre, P-A films. With re- 
covery the heart size was again comparable with (A). 


Patients in cardiac failure received digitalis, mercurial diuretics, and a salt-poor diet. In only a 
few cases was venesection deemed necessary. The majority improved while in hospital and were 
able to return to their previous level of activity, with, however, persistence of their chronic symptoms; 
many have required readmission for further exacerbations of bronchitis or congestive failure. There 
have been six deaths in this series. Four patients, all with congestive failure, died while in hospital 
and pertinent data from their necropsies are included in Table I. Two others died at home within 
a few months of discharge from hospital. 


II. RESPIRATORY DATA 


The results of the respiratory studies are presented in Table Il. The maximal breathing capaci- 
ties were grossly reduced, ranging from 12 to 41, with a mean of 23-3 litres/min. The average 
residual air was 67 per cent of the total lung volume, as compared with the normal mean of 30 per 
cent; vital capacity was correspondingly decreased. 

The ratio of the expected to the actual number of breaths required to achieve 90 per cent mixing 
in the lungs of a known amount of helium is expressed as the “‘ 90 per cent mixing index ” (Bates 
and Christie, 1950). The normal range in this laboratory is from 0-38-0-60, with a mean of 0°51 
(Briscoe, 1951). It will be seen that this was grossly reduced in every case in this series, never exceed- 
ing 0:24. The helium mixing method also permits estimation of that portion of the total lung 
volume ventilated mainly by diffusion. In normal subjects the volume of this “* poorly ventilated 
space *’ may be as large as 0-4 litres, but usually is so small as to be incapable of measurement. In 
these emphysematous subjects, however, the mean value was 1-9 litres, with a range of from 1-1 to 
4°5 litres. 

As the result of congestive failure or of transient blockage of the airways with bronchial secre- 
tiois, these findings may have been subject to some variation. We believe, however, that the data 
giv: a reasonable approximation to the average status of pulmonary function in each subject. The 
art rial oxygen saturations will be discussed with the circulatory findings. 
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TABLE II 
RESPIRATORY FUNCTION STUDIES 





| 








Maximal breathing | Vital | Residual Residual air | 90% mixing | Volume poorly 
Case capacity capacity | air Total lung volume 1 index | ventilated 
(litres a minute) (litres) | (litres) (per cent) (litres) 
1 21-6 1-75 7-63* 82 0-18 4:50 
2 25-2 1-45 3°55 71 0-20 1-55 
3 27:0 1-94 2°65 58 0-16 1-60 
4 12:4 1-50 4:25 74 0-15 1-90 
b 41-4 2-08 3°52 | 63 0-22 1-10 
6 13-8 1-33 $52 | 80 0-14 2-90 
7 33-0 2:46 3-94 62 0-09 2-20 
8 -= 2:18 2-86 57 0-17 - 
9 19-5 1-20 3-20 73 0-10 1-50 
10 14-0 1-83 5:17 74 0:20 2-00 
11 25:2 1-75 2°32 ST 0-15 1-40 
12 29-1 1-65 3-85 70 0-12 2-00 
13 — 1-22 2:00 62 0-08 = 
14 0 2:26 4-68 67 0-17 2-20 
15 15-0 0-99 3-90 80 | 0-17 2:17 
16 22:0 2:02 | 2-84 58 | 0-12 1-20 
17 20-0 1-83 2:95 62 0-16 1-30 
18 24-0 2-61 | 5-26 66 0-24 3-20 
19 28-7 0-99 | 2-20 69 0-13 1-20 
20 16-2 1-35 2-89 68 0-17 1-30 
21 33-0 2-23 2-85 56 0-23 1-60 
22 22:8 1-85 4-47 70 | 0-16 235 
2 | 21-0 1-48 1-87 56 0-10 1-30 
24 27-0 1-63 5-08 76 | 0-23 1-95 
Mean | 
values 23-3247:2 | 1-7340°14 | 3-7341-36 67-:148-1 0-16+0-05 1-93 0-25 
Normal | 
range | 55-145 — — 16-40 0:38-0:60 0-0-4 
| 





* This unusually high value was confirmed on several examinations. 


III. H4&MODYNAMIC RESULTS 


(A) At Rest. The value obtained on catheterization of the right heart in patients studied at 
rest, On One occasion only, are shown in Table III. In each group, the cases are listed in ascending 
order of systolic right ventricular or pulmonary arterial pressures. Normal and mean values are 
given in Table V. 

There were eight patients in Group I, those who had never been in congestive heart failure; only 
Case 4 was acutely ill with bronchitis at the time of catheterization. The right ventricular systolic 
pressures ranged from 17 to 53 mm. Hg, half of the patients having normal pressures. The end- 
diastolic pressures were normal. Resting oxygen consumptions tended to be higher than reported 
basal values in emphysema (Taquini et a/., 1948; Baldwin et al., 1949; Borden et al., 1950; Harvey 
et al., 1951). In seven patients the arterio-venous oxygen differences were within normal limits for 


these oxygen consumptions, but in one it was slightly increased. The cardiac indices ranged between 


2:7 and 5-8 |./min./sq. metre. Oxygen saturations of the arterial blood in this group varied from 77 
to 92 percent. Two patients had raised hemoglobin concentrations. 


Eight patients were studied while they were in congestive heart failure (Group II). Two of these | 
(Cases 15 and 16) had been studied on a previous admission when they were recovering from an | 


earlier episode of failure. The right ventricular systolic pressure was significantly raised in ever) 


instance, ranging from 36 to 89 mm. Hg. The end-diastolic pressure was greater than 5 mm. in/ f 
of the 8 patients; Case 10, whose diastolic pressure was only at the upper limit of normal, was, > 
Most resting oxygen consumptions were fF 


nevertheless, grossly oedematous at the time of study. 
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TABLE III 
CIRCULATORY STUDIES AT REST 


| ; | | | | 


Right ventricular 











| Body | Pressure A-V - 
_ surface Rate | ——_—_—_——_ > on oxygen oo | Hemoglobin | a 
“| area | (per min.) (ml./ in] >) difference 2) (g./100 ml.) | _— 
| (m2) | Systolic End-__(ml./min./m?) | (ml. /litre) ( yale. /m?)) (per cent) 
| (mm. Hg) diastolic 
| | (mm. Hg) | 
Group I—Not in Failure 
1 1-64 75 17* 1+ 183 66:0 2:8 14-4 91 
2 1-91 81 26 5 174 38-0 4-6 15-0 90 
3 1-56 88 30 2 226 39-0 5:8 14-9 85 
4 1-67 100 31* —1+ 209 46:7 45 17:3 82 
5 1-87 83 34 5 182 35-2 5:2 14-9 92 
6 1:58 100 | 42* 3t 207 44-6 4-6 19-0 89 
7 1:97 79 46 2 151 56:0 2:7 15-7 82 
8 1-92 100 53 5 170 47°5 3-6 15-4 77 
Group Il—In Congestive Failure 
9 1-64 79 36 8 | 145 50:7 2:9 16°6 83 
10 1-86 90 40 220 55-8 3-9 13-9 80 
11 1:56 94 43 F 179 39-1 4-6 18-0 84 
12 1-64 97 47 6 194 36:0 5-4 17-6 87 
13 1-48 94 60 8 154 38-0 41 15-8 76 
14 1-88 70 66 7 185 50:0 3°7 15-3 71 
15 1-76 115 66 20 — 25:0 — 15-0 Y 
16 1:54 100 89 19 | 206 | 39:0 5°3 20-0 65 
Group I1I—Recovering from Failure 
15 1-65 102 21 —2 151 — — 15-1 79 
17 1-72 88 30 —1 151 37-4 40 15-4 82 
16 1-48 86 41 4 216 34-0 6:4 19-3 74 
18 1-65 130{ | 42 6 167 59-0 2°8 17-6 74 
19 1-43 72 | 49* —3+ 150 28-0 5-4 6:8 83 
Symbols: *=systolic pulmonary arterial pressure. 


+=mean right auricular pressure. 
¢=auricular fibrillation. 


again found to be raised. Despite the presence of congestive failure, none of the arterio-venous 
oxygen differences was outside the normal range. On the whole, the cardiac indices were similar to 
those found in Group I. The arterial oxygen saturations ranged from 25 to 87 per cent; the 
strikingly low value of 25 per cent in Case 15 was obtained when he was terminally ill, twenty-six 
hours before death. In four patients, the hemoglobin concentration was greater than 16 g. per 

100 ml., reaching 20 g. in one instance. 

Group III contains five patients studied during recovery from congestive heart failure. The 
systolic pressures were normal in two of these, and moderately raised in the remaining three. With 
one exception, the end-diastolic pressures were normal. The resting oxygen consumptions were 
comparable with those of the two previous groups. One patient had an arterio-venous oxygen differ- 
ence slightly lower than normal. The cardiac indices varied from 2-8 to 6-4 I/min./sq. metre. 
terial oxygen saturations ranged from 74 to 83 per cent. Three patients had hemoglobin con- 
ccntrations greater than 16 g. per 100 ml. 

In Table IV are presented the data obtained in five patients who were investigated both during 
lure and recovery (Cases 20-24). When first studied, their findings on catheterization were similar 
those in Group II. At the time of the second study, two to seven weeks later, the right ventricular 
-ssures had fallen in every instance from their previously high levels, and in two cases they were 
w normal (Fig. 2). The raised end-diastolic pressures had all returned to normal, and the low 
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levels of arterial oxygen saturation had risen considerably. Changes in the resting oxygen consump- 
tions and the arterio-venous oxygen differences were not always in the same direction. Conse- 
quently, on recovery, the cardiac index in three patients was higher and in two was lower than it had 
been during failure. In three patients with evidence of polycythemia, the hemoglobin value fell on 
recovery, but did not return to normal. 

The summary of the results obtained on cardiac catheterization in the three groups of patients 
is shown in Table V, where mean values are listed. For the calculation of these mean values the 
data in congestive failure from Table IV have been added to Group II in Table III, while recovery 
figures from Table IV were added to Group III in Table III. No great differences could be shown 
between the patients in Group I, who had never been in failure, and those in Group II, who were 





Fic. 2.—Right ventricular pressure tracings showing a reduction of resting pressure with recovery from 
congestive cardiac failure. Case 20—(A) In failure the pressure was 43/8 mm. Hg; (B) Two weeks 
later during recovery from failure it was 19/-5 mm. Hg. 


recovering from failure. Both groups, however, differed from normal subjects in several respects: 
their average systolic right ventricular pressures were moderately raised; resting oxygen consump- 
tions were increased; and there was arterial oxygen unsaturation. Arterio-venous oxygen differ- 
ences and cardiac indices were normal. It is apparent that three significant features distinguished 
the patients in Group II, who were in congestive failure at the time of investigation, from the others: 
the average right ventricular pressures, both systolic and end-diastolic, were considerably raised 
above those found in Groups I and II, and there was an even more severe degree of arterial un- 


TABLE IV 
CIRCULATORY STUDIES AT REST IN FIVE PATIENTS IN FAILURE AND DURING RECOVERY 





Rt. ventricular 





Oxygen 

Body pressure A-V ‘ard; Arteria! 

_— surface a = “a oxygen — ‘aan O> satura- 
: area Systolic End- 5, difference | 2 tion 

(m2) ied Geum.) | dinstatic ar | (ml. litre) | (jin, (g./100 mi. (per cent) 
Hg) (mm. Hg) 

20 | With C.H.F. | 1-86 83 43 8 148 | 43-4 3-4 15-4 68 
2 weeks later 1-86 84 19 —5 | 141 | 48-0 2:9 15-4 87 
21 WithC.H.F.| 1:71 |100 | 63 | 14 | 206 | 460 4-5 15-4 49 
2 weeks later! 1-60 70 20 oe | 177 45:0 3-9 15-4 81 
22 | With C.H.F. | 1:69 88 71 9 186 47-7 3-9 17:1 73 
7 weeks later | 1-65 79 43 0 232 35-7 6°5 16:3 84 
23 With C.H.F. | 1:46 | 100 71 11 184 35-9 51 18-0 71 
2 weeks later 1-48 77 51 4 225 34-2 6°6 16-9 84 
24 With C.H.F. | 1:76 | 94 83 18 | 172 l $59 | 3-1 18-6 82 
6-4 16-2 92 


4 weeks later) 157 | 97 | 46 | 4 245 | 38-2 | 
| | 
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imp- TABLE V 
NSe- MEAN VALUES OF THE CIRCULATORY STUDIES AT REST IN ALL PATIENTS 
had | 
Il on Rt. ventricular | 
, pressure Oxygen ‘ — ’ - | H 
Rate : pees consump- A-V oxygen; Cardiac Hemo- | Arterial O2 


(per min.) | Systolic Diastolic difference index globin | saturation 














lents (mm. Hg) | (mm. Hg) (ml./min./m?) (ml./litre) | (I/min./m2) | (g./100 ml.) (per cent) 
> the -— —— 
wees Group I 88-3410-4*, 34-9411-7) 2842-2 18784245 4664102 | 4241-1 | 158416 | 860+45-4 
own (8 cases) | | 
were Group II | 92-6411-2 | 5984168 | 10-845-2 | 181-6423-7 43-3489 | 42408 16-7414 | 70:3+17-0T 
(13 cases) 
Group HI 88-5417-°8 | 3624125 0-743°6 — 185-5439-8 | 39-9493 50416  16441-8  82045-5 
(10 cases) 
Normal 60-90 15-30 —5-+5 100-145 31-61 S25 14-17 95-97 
range (Basal) (Mean 14-8) 
a * Standard deviation of the mean. 
a + If the value of 25 per cent in Case 15 is omitted, this figure=74-1+10-4. 
saturation. In all the groups, the average hemoglobin concentration tended to be higher than 
normal; the small difference between Group I and Groups II and III was statistically significant, 
indicating increased hemoglobin concentrations in the patients in, or recovering from, congestive 
heart failure. 
(B) Effects of Oxygen. Oxygen was administered to 14 patients during cardiac catheterization. 
“— The results are given in Table VI, where patients are listed in the order of their control level of 
np- arterial saturation. 
“slg All except one of them were able to achieve normal oxygen saturations. The cardiac rate tended 
- to slow, a reaction previously reported in emphysematous subjects (Taquini ef a/., 1948). Devia- 
we tions from the previous control figures of the right ventricular systolic pressure occurred in almost 
-~ every case, but these were usually of doubtful significance since similar fluctuations in pressure were 


observed without relation to giving oxygen. Three patients (Cases 3, 14, and 16), however, showed a 
sustained fall in pressure throughout the administration of oxygen, which was of greater magnitude 
than any spontaneous fluctuation observed: in two of these, the end-diastolic pressure also fell. 

The oxygen consumption during the breathing of pure oxygen was measured in six patients only. 
In five, this spirometric value was lower than the control determination derived from analysis of 
expired air. Whether this represented a true difference in oxygen uptake or was primarily the result 
of the difference in techniques was undetermined. 
ra- Arterio-venous oxygen differences were measured in all cases. If changes of more than 5 ml. per 
litre (0-5 vol. %) be considered significant (Bayliss et a/., 1950), then in seven there was a decrease, 
in three an increase, and in four no change. It was of interest that the three patients in whom it 
z rose were those in whom a fall in right ventricular pressure was observed. Since oxygen consump- 
tions were not obtained in two of these, cardiac outputs could not be calculated, but it is probable 
that the rise in arterio-venous oxygen difference indicated a fall in cardiac output. In Case 14, in 
whom the output was actually determined, it did, indeed, fall from 7-0 to 4-7 litres a minute. The 
cardiac outputs measured in five other subjects did not seem to be associated with changes in right 
ventricular pressure. Although the cardiac output fell in Cases 6 and 24 without a change in pres- 
sure, in these instances the fall was primarily determined by a decrease in oxygen uptake, rather than 
b) a change in the arterio-venous oxygen difference. 

There was a rise in the peripheral arterial pressure in all nine patients in whom it was measured. 
In only five, however, could this change be considered significant, in view of the spontaneous fluctua- 
tions observed. An increase in peripheral resistance in normal subjects breathing oxygen has been 
viously reported (Whitehorn ef al., 1946). 


un- 
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TABLE VI 


EFFECTS OF OXYGEN 





: 
| asteniel Oo Heart Rt. ventricular pressure Seteniec 











Oxygen | A-V oxygen Cardiac 
Case | saturation an Systolic | End-- wine consumption, difference output 
(per cent) min.) (mm. Hg) | an Hy) (mm. Hg) (ml./min.) (ml./litre) (1/min. ) 
ee 91 75 17* | — 93/53 300 66:0 4-5 
O2 100 68 18* — 103/52 — 51-0 — 
2 € 90 81 26 5 118/73 333 38-0 8-8 
O2 98 62 25 6 140/86t — 31-4 — 
6 C 89 100 42* oo 126/76 328 44-6 7-4 
O2 95 97 41* — | —_— 262 43-5 6:0 
3 € 85 88 30 2 | 132/81 353 39-0 9-1 
O2 99 75 26+ 0 | 137/83 | — 54-0 — 
> a» 83 79 36 8 — 238 50-7 4-7 
O 97 75 34 6 — 224 41-7 5:4 
4C 82 100 31* — 106/66 349 46:7 7°5 
O> 95 94 Z7T* — — - 34-3 as 
7 ¢€ 82 79 46 2 — 298 56:0 5:3 
O2 96 83 48 2 — 330 47:2 7-0 
mC 82 94 83 18 142/90 302 55:9 5-4 
O2 99 94 88 21 166/103 260 52:1 5:0 
a € 81 70 20 0 120/63 | 283 45-0 6:3 
O2 99 63 23 0 — | — 48-4 — 
16 C | 74 86 41 4 138/71 320 34-0 9-4 
O2 97 80 35t o 161/93t — 41-2 — 
az € 73 88 T1* — 130/78 315 47-7 6°6 
O> 89 79 67* — 138/82t 299 34-2 8-7 
14 C 71 70 66 7 145/84 348 50-0 7-0 
O> 100 68 48+ 2 155/88 288 61-0 4-7 
20 C 68 83 43 8 119/70 275 43-4 6:3 
O? 98 79 43 7 123/75 — 37-0 — 
is ¢ Za 115 66 20 100/56 — 25-0 = 
O2 97 107 65 21 132/72+ — 22:0 — 
C=control values at rest. *=systolic pulmonary arterial pressure. 
O2=determinations during the administration of oxygen. +=change considered significant. 


(C) Effects of Exercise. The effects of exercise were studied in five patients. In all the right 
ventricular systolic pressure rose significantly above the resting value (Table VII). The end-diastolic 
pressure, when initially normal, showed a slight fall. In one of the two patients in congestive failure 
when exercised, the end-diastolic pressure rose sharply from 6 to 15 mm. Hg; in the other, who 
was only mildly exercised, there was no change in this value. The cardiac output showed a sub- 
stantial rise in the two patients in whom it was measured. The arterial oxygen saturation, deter- 
mined in three patients, rose slightly during exercise in two. 

(D) Effects of Cardiac Glycosides. The effects of cardiac glycosides were studied in five patients, 
of whom four received digoxin and one ouabain. All of the patients were in clinical congestive 
failure, with the exception of Case 8. This patient had no evidence of systemic venous congestion, 
but did have diastolic gallop rhythm and cardiac enlargement: it was of interest that signs of con- 
gestive failure did not appear until 18 months later. 

Values listed in Table VIII are the final ones observed before withdrawal of the catheter. The 
predominant changes after digitalis consisted of a slight rise in the right ventricular systolic pressure 
and a fall in the end-diastolic pressure. In three patients there was moderate slowing of the cardiac 
rate, while there was no change in the other two. Neither the direction nor the magnitude of change 
in the cardiac index could be considered significant in any case. In three patients the systolic 
arterial blood pressure rose slightly. 
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TABLE VII 


EFFECTS OF EXERCISE 





Rt. ventricular | | | 
pressure _| Systemic Oxygen | A-V 

















-—- Cardiac | Arterial O2 
¥ | Rate | blood consump- oxygen | whey 
Case |(per min.)| Systolic Pr se " pressure tion _ difference (ymn ) cue 
| |(mm. H (mm. Hg) | (mm. Hg) (ml./min.) | (ml./litre) | - | 
3 | Control | 83 32 3 130/76 a — 2 os 87 
Exercise | 97 65 | 150/89 - a — 87 
5 | Control | 83 34 5 170/68 340 35-2 9-7 92 
| Exercise | 97 41 2 | 188/75 888 38-4 | 22:9 96 
11 | Control 94 | 43 7 a wh wn | we A a 
Exercise 100 | 50 ¥ — — = —_= — 
12 | Control 97 47 6 150/83 317 36:0 8-8 87 
Exercise 100 76 15 182/91 553 40-4 13-6 | 90 
22 | Control 19 | 43 0 — — — — — 
Exercise 100 | 60 —1 — — — — as 
| 
TABLE VIII 
EFFECTS OF CARDIAC GLYCOSIDES 
C: Dose Time Heart rate ve haseentnnenid a | Systemic blood Cardiac 
_ Drug (mg.)  (min.) | (per min.) Systolic | End-diastolic (PPS (ymin) 
(mm. Hg) | (mm. Hg) pa ie min.) 
10 Control we a 90 40 5 130/80 a 
Digoxin 1-5 30 80 43 1 — 78 
13 Control — — 94 60 8 150/78 6:0 
Digoxin 1:0 24 94 69 6 170/84 5-4 
14 Control —_— — 70 66 7 145/84 70 
Digoxin 1:5 48 65 69 3 150/88 71 
20 Control = — 79 43 7 123/79 7-4 
Digoxin 1:0 53 79 46 4 123/75 6:7 
8 Control | — — 100 53 5 180/105 68 
Ouabain 0:75 44 88 57 3 190/95 6:1 
DISCUSSION 


Pulmonary Function Studies. The pulmonary function studies confirmed the clinical impression 


' a severe degree of ventilatory disability in all cases. In the several where there were repeated 
‘aminations of the same patient both in, and during recovery from, congestive failure, only 
voderate deviations from the status indicated in Table I were observed, and these were reflected 
rimarily by improvement in the maximal breathing capacity and the 90 per cent mixing index; 


ly slight variations were noted in the residual air percentage. Ferrer et al. (1950) had similar 
dings in five patients with chronic cor pulmonale in failure. The difference in time between the 
lmonary and hemodynamic investigations made it difficult to correlate these measurements 
ssely. It was evident, however, that the pulmonary determinations in the eight patients who 
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had never been in congestive failure did not differ significantly from those found in the patients 
who had developed this complication. In like fashion the cardiac failure group of Harvey et «il. 
(1951) could not be distinguished on the basis of respiratory function from the group with severe 
emphysema alone. 

Pulmonary Hypertension. The results obtained from cardiac catheterization revealed that the 
primary difference in the hemodynamic status of the three groups of patients was the level of 
systolic right ventricular pressure.* It would seem necessary, therefore, to discuss briefly certain 
of the factors contributing to alterations of pressure in the pulmonary circulation—a subject that 
has recently been reviewed by Cournand (1950). 
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Fic. 3.—Right ventricular pressures and arterial oxygen unsaturations of the 24 patients at rest. Peak systolic 
pressure is indicated by the shaded portion of the bar; end-diastolic pressure, by the clear portion of the bar. 
Mean values for the three groups are shown by the horizontal broken lines. Stippled bars represent those patients 
who were studied twice during a single hospital admission for congestive cardiac failure. 


The right ventricular pressures found in our patients are depicted in Fig. 3. The average systolic 
pressure was considerably raised in the presence of congestive cardiac failure, but on recovery 
returned to a level almost identical with that found in the patients who had never been in failure. 
This general observation was clearly confirmed by the findings in the five patients who were studied 
twice during a single admission for congestive failure (indicated in the figure by stippled bars). 
Each showed a significant lowering of pressure on recovery; in two pressures returned entirely ‘0 
normal. Similar alterations of pressure in cor pulmonale have been reported by Ferrer ef u/. 
(1950). 

While this sequence of right ventricular pressure changes is the same as that seen in left ventriculr 
failure and recovery, the mechanism must, of necessity, be different. When the left ventricle fails, 


* Systolic right ventricular and pulmonary arterial pressures are identical. 
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its end-diastolic pressure rises, and, as a consequence of this, the left atrial, pulmonary venous, and 
pulmonary “ capillary ’’ pressures rise (Harvey ef al., 1949; Dexter et al., 1950; Cournand, 1950). 
In order to maintain a proper gradient of pressure for pulmonary blood flow, therefore, the pul- 
monary artery pressure also rises; on recovery, all of these values return towards normal. No 
such mechanism, however, can account for the rise in pulmonary arterial pressure that occurs in 
failure of the right ventricle alone. 

Fixed structural changes in the pulmonary vascular bed, which increase its rigidity or reduce its 
cross-sectional area, have previously been considered to play the major part in the production of 
high pulmonary arterial pressures in emphysema. However, since the high resting pressures 
observed during cardiac failure have been shown to be transitory and reversible, it is clear that 
permanent structural changes alone cannot be responsible. The moderate pulmonary hypertension 
seen at rest in some of our patients who were not in congestive failure—as also observed by Borden 
et al. (1950) and Harvey er al. (1951)—suggests that anatomical changes might play some role in 
raising the pulmonary arterial pressure. There was no correlation, however, between the residual 
air percentage, as indicating the extent of the emphysema, and the right ventricular pressure in these 
severely emphysematous subjects, although in patients with mild emphysema (Harvey et al., 1951) 
and consequently with less abnormal residual air percentages, the pulmonary pressures were less 
frequently raised. 

Pulmonary hypertension may sometimes be present without any reduction in the pulmonary 
capillary bed from alveolar destruction. Case 15, whose general findings have been reported 
elsewhere (Clinico-Pathological Conference, 1951), illustrates this point. When initially studied, 
during recovery from congestive failure, there were entirely normal right ventricular pressures. On 





Fic. 4.—A typical microscopic field of lung showing minimal destruction of 
alveoli, normal vascular channels, and an inflammatory lesion of a 
bronchiole (Magnification, x21; H. and E. stain). From necropsy of 
Case 15. 
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Fic. 5.—Changes in right ventricular systolic pressure and arterial oxygen saturation at rest in five patients 
during recovery from congestive cardiac failure. 


cardiac catheterization 15 months later, one day before death, the right ventricular pressure was 
found to be 66/20 mg. Hg. Post mortem, the predominant pathological finding was an acute and 
chronic bronchiolitis, with well-preserved alveoli. The impaired pulmonary function in this patient 
is explicable on the basis of changes in the air passages alone and no anatomical explanation is 
apparent for the terminal pulmonary hypertension. 

Certain functional changes, therefore, must be considered in the mechanism of production of 
pulmonary hypertension in chronic emphysema. The average arterial saturation was greatly 
decreased when patients were in congestive failure and had raised right ventricular pressures, but, 
with recovery from failure, the average saturation returned to a higher level as the pressure fell 
(Fig. 3). This association between a fall in pressure and a rise in arterial saturation is more clearly 
seen in the five patients studied on two occasions both in, and during recovery from, failure (Fig. 5). 
The correlation in our series (Fig. 6) of arterial oxygen saturations and right ventricular pressures 
(r=0-516; P<0-01) is in agreement with the findings of Borden et al. (1950) and Harvey et al. (1951) 
which show a relationship between anoxia and pulmonary hypertension. This suggests that the 
pulmonary hypertension in emphysema may be related to the experimental pulmonary hypertension 
found in animals and normal men during exposure to low oxygen tensions (von Euler and Lilje- 
strand, 1946; Motley et al., 1947). In our series, however, the immediate correction of anoxia by 
the administration of oxygen did not affect the right ventricular pressure in 11 of the 14 patients 
so studied. Of the three in whom there was a significant reduction in pressure, the control level was 
raised in two, but in neither of these was the fall sufficient to bring the pressure to normal. A 
possible complicating factor, however, may have been the associated increase in arterial CO, 
tension known to occur in emphysematous subjects breathing high oxygen mixtures (Taquini et a/., 
1948). Slight pulmonary vasoconstriction has been produced in animals by increasing the CO, 
tension alone (von Euler and Liljestrand, 1946; Duke, 1950). 
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Fic. 6.—Relationship between the arterial oxygen saturation and the right ventricular systolic pressure 
at rest (r=0°516; P<0-01). 


A less direct relationship of anoxia to pulmonary hypertension may be postulated through its 
effect on blood volume. As shown by Hurtado et al. (1945), chronic anoxia may cause an increase 
in blood volume, predominantly by increasing the red cell mass. In this series, however, although 
blood volumes were not actually measured, no correlation (r=0-042) was observed between the 
arterial saturation and the hemoglobin concentration (Fig. 7). Nevertheless, an increased hemo- 
globin concentration was noted to occur more frequently in those patients with or recovering from 
congestive failure. This is in agreement with previous observations by Ferrer eft al. (1950) and 
Harvey ef al. (1951) that in chronic cor pulmonale in failure, unlike other types of heart failure 
(Gibson and Evans, 1937; Meneely and Kaltreider, 1943), the red cell volume increases out of 
proportion to the plasma volume. Since all of these investigators found that a fall in blood volume 
usually occurs on recovery from heart failure, it is quite possible that such reduction in engorge- 
ment of the circulation may be one of the factors contributing to the observed fall in pulmonary 
arterial pressure. 

\lterations in the pulmonary blood flow in emphysema may also influence the magnitude of 
the pulmonary vascular pressure. As shown by Hickam and Cargill (1948) and Riley et al. (1948), 
the pulmonary arterial pressure in emphysematous subjects rises sharply during exercise as the 
cardiac output increases. Our observations confirm these findings. Normal subjects, in contrast, 
show little or no alteration in pulmonary arterial pressure with changes in blood flow (Dexter et al., 
1950, 1951; Riley et al., 1948; Hickam and Cargill, 1948). The abnormal response to an increased 
flo. in emphysematous patients during exercise has been explained as resulting both from restricted 
capacity and limited distensibility of the pulmonary vascular bed. At rest, however, it is unlikely 
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Fic. 7.—Relationship between the arterial oxygen saturation and the hemoglobin 
concentration (r=0-042). 


that levels of flow are high enough to be directly responsible for the production of pulmonary hyper- 
tension since, in our group of patients, the cardiac index bore no relation to the height of the right 
ventricular pressure, as shown in Fig. 8 (r=0-11). Moreover, in the five patients followed during 
recovery from failure, while resting right ventricular pressures were restored towards normal in each 
case, this pressure fall was found with an increased cardiac index in three, and with a decreased 
index in two (Fig. 9). 

The extent to which neurogenic activity influences circulation through the pulmonary vascular 
bed in man remains uncertain. Fowler et al. (1950) have suggested, on the basis of experiments 
with tetra-ethylammonium chloride, that in some cases of pulmonary hypertension, including pul- 
monary emphysema, increased pulmonary arteriolar resistance is mediated partially through the 
autonomic nervous system. 

High Output Failure. In an effort to clarify the meaning of the term “high output failure” 
in relation to chronic cor pulmonale, it has seemed worth while to examine the two factors that 
determine the level of the cardiac output as measured by the Fick principle—the oyxgen consumption 
and the arterio-venous oxygen difference. As Hickam and Cargill (1948) pointed out, normal 
values for either the cardiac output or arterio-venous oxygen difference are of significance only 
when related to the level of oxygen consumption at a particular time, i.e. the metabolic need of the 
body tissues for oxygen. In Fig. 10 oxygen consumption at rest is plotted against the arterio- 
venous oxygen difference. Three values for the cardiac index—10, 5 and 2:5 1./min./sq. metre 
are indicated by diagonal lines. The area for normal values is based on the findings of Stead e: al. 
(1945), Hickam and Cargill (1948), Riley ez al. (1948), and Dexter (1950, 1951) in normal subjects, 
at rest and on exercise. It will be seen from the diagram that, with only two exceptions, all of the 
subjects in this series—irrespective of the presence or absence of cardiac failure—had normal arterio- 
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Fic. 8.—Relationship between the cardiac index and the systolic right 
ventricular pressure (r=0-11). 


venous oxygen differences. The high resting oxygen consumptions in our series partially reflect 
the laboured breathing frequently present at the time of study. The increased oxygen consump- 
tions, therefore, in combination with the normal arterio-venous oxygen differences, were responsible 
for the increased values for the cardiac index. In other studies also (Richards, 1945; Ferrer et al., 
1950; Borden et al., 1950; Harvey et al., 1951) the arterio-venous oxygen differences have usually 
been found to be normal in pulmonary heart disease, and it would thus seem that failure of the 
circulation in cor pulmonale occurs with a cardiac output appropriate to a particular level of oxygen 
consumption—in reality, therefore, “‘ normal output failure.’ The term “high output failure ” 
should probably be reserved for those instances where the arterio-venous oxygen difference is lower 
than normal, as in cases of chronic, severe anemia (Brannon et al., 1945; Sharpey-Schafer, 1944), 
Similarly, in ‘‘ low output failure,”’ as in hypertensive heart disease, for example, the arterio-venous 
oxygen differences are high (Bloomfield et al., 1948; Harvey et al., 1949). 

The Immediate Effects of Digitalis. The increase in right ventricular pulse pressure noted in our 
patients after the intracardiac administration of cardiac glycosides resulted from a rise in the systolic 
as well as a fall in the end-diastolic pressure. In two patients these changes were unassociated with 
slowing of the heart rate, and in none was there a significant alteration in cardiac output. Ferrer 
et a/. (1950) reported similar findings in cor pulmonale, but noted a consistent slight rise in cardiac 
output. 

)n catheterization of the right heart in left ventricular failure the major effect upon the pulmonary 
circulation observed after giving digitalis has been a reduction of raised pulmonary arterial pressures 
tov ards normal (Bloomfield et al., 1948; Harvey et al., 1949; Bayliss et al., 1950). This has been 
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Fic. 9.—Changes in the cardiac index and the right ventricular systolic 
pressure at rest in five patients during recovery from congestive 
cardiac failure. 


explained by a direct action of digitalis on the myocardium, which is responsible for better emptying 
of the left ventricle, and, as a result of this, for a decrease in pressures in the left atrium and pul- 
monary circuit. In right ventricular failure, however, both in this series and in that of Ferrer e/ al. 
(1950), the peak pulmonary artery pressure rose slightly after digitalization. Probably, this differ- 
ence in response to digitalis does not indicate a different mode of action of the drug, but the 
different mechanism of production of pulmonary hypertension in right and in left heart failure, 
which has already been discussed. The cause for the rise in systolic pulmonary arterial pressure is 
not clear since, in contrast to the series of Ferrer ef al. (1950) where a consistent rise in cardiac 
output occurred and an increase in blood flow was, therefore, postulated as the etiological factor, 
in Our cases no significant change in cardiac output was observed. The lower filling pressure of the 
right ventricle, however, with the maintenance of the same cardiac output, probably indicated 
improvement in myocardial function. 


SUMMARY AND CONCLUSIONS 


Twenty-four patients with pulmonary emphysema have been investigated. All had grossly 
abnormal respiratory function; the severity of the pulmonary disease was the same in the patients 
with secondary right heart failure and in those who had never developed failure. 

On cardiac catheterization, in the absence of congestive failure, right ventricular systolic pressures 
were found to be normal or only moderately raised; but in the presence of failure, they were raised in 
every case. As patients recovered from failure, their right ventricular pressures returned towards 
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FiG. 10.—Relationship of the oxygen consumption, arterio-venous oxygen difference, and 
the cardiac index at rest. 





normal. Pulmonary hypertension in emphysema heart failure is, therefore, reversible; it cannot 
result solely from fixed anatomical changes in the vascular bed of the lungs. 

Certain functional changes in the circulation that may be related to the production of pulmon- 
ary hypertension in chronic bronchitis and emphysema have been considered. The high systolic 
pulmonary arterial pressures found in congestive heart failure were associated with low arterial 
oxygen saturation, but the correction of anoxia by the administration of oxygen did not usually 
produce a fallin pressure. During exercise a transient increase in systolic pulmonary arterial pres- 
sure was observed in these patients, indicating that pulmonary hypertension might be related to an 
increased blood flow. Under resting conditions, however, there was no correlation between the 
level of pressure and the cardiac index. A slight, but significant, increase in hemoglobin concentra- 
tion was associated with the development of cardiac failure. It is possible that an increase in red 
cell volume may contribute to pulmonary hypertension as part of a general vascular engorgement. 

Arterio-venous oxygen differences were normal in all except two cases, whether or not failure 

was present. Raised cardiac outputs were predominantly the result of an increase in resting oxygen 
consumption. 

The immediate effects of full doses of cardiac glycosides were observed in five patients. The 
right ventricular pulse pressure was increased in each case without a significant change in cardiac 

uiput. The maintenance of a higher pulse pressure at a lower diastolic filling pressure probably 
signifies some improvement in myocardial function. 


Ve wish to acknowledge with sincere thanks the help of Prof. J. McMichael, under whose guidance this study has 
been carried out, and the assistance of other members of the staff who performed some of the cardiac catheterizations. 

Ve are grateful for technical help to Mr. Arthur H. Latham, Miss Margot McAdam, Miss Zeena Taylor, Mr. 
Tre\or Mills, and Mr. Roy Barrett. We wish to thank Miss Patricia Burrows for drawing the charts and figures, and 
Mr. E. Victor Wilmott for preparing the photographic material. 
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The need for accurate diagnosis in congenital heart disease has greatly increased the importance 
of the various types of electrocardiogram found in right ventricular hypertrophy. This is particu- 
larly important in children in whom the normal patterns may closely simulate those of right 
ventricular hypertrophy. Recently the appearances in infants and children have been analysed by 
Switzer and Besoan (1950) and by Schaffer (1950). The electrocardiogram of right ventricular 
hypertrophy has been extensively studied by Wilson et al. (1947), by Myers et al. (1948, 1950), 
by Goldberger (1944), by Sokolow and Lyon (1949) and by Sokolow and Edgar (1950). Sokolow 
and Lyon included 24 children of five years of age or less in a series of 60 patients with right 
ventricular hypertrophy. 


PRESENT SERIES 


In order to evaluate the various patterns of right ventricular hypertrophy in children, two groups 
of cases were studied; 53 healthy children ranging from 16 months to 15 years of age, and 36 children 
with presumed right ventricular hypertrophy ranging from 3 to 14 years of age. All the latter cases 
were suffering from congenital heart disease and showed clinical and radiological evidence of 
right ventricular hypertrophy, and in 26 (72°%%) cardiac catheterization or angiocardiography 
revealed increased right ventricular pressure or enlargement of the right ventricle respectively. 
Right ventricular hypertrophy was found in each of three patients who came to necropsy. 

Methods. In the control group of normal children the cardiograms were taken with a Sanborn 
direct writing visocardiette, using standard bipolar limb leads, unipolar precordial leads V1-6, 
and augmented limb leads aVR, aVL, and aVF (Goldberger, 1947). All tracings were taken with 
the subjects in the supine position. 

In the series with right ventricular hypertrophy, three different instruments were employed; 
a Sanborn photographic portable machine, a Victor photographic machine, and the Sanborn direct 
writing visocardiette. The same standardization (1 mv.=1 cm.) was used and the same leads were 
recorded, except that in some cases the precordial leads were limited to V1, V3, and V5. In 13 
(30°%) complete chest exploration using leads V8R to V8 was performed. 

he following points were studied. 

(1) The pattern of the ventricular complex in leads aVR, V1, and V5. 

(2) The ventricular activation time in these leads. This was measured from the onset of the 
QRS complex to the beginning of the intrinsicoid deflection (Sokolow and Lyon, 1949; Myers er al., 
1948), 

(3) The Q/R or R/S ratios in aVR and the R/S ratio in V1 and V5. 

4) The ratio R/S in V5 divided by the ratio R/S in V1 (Sokolow and Lyon, 1949). 
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(5) The direction of the precordial T waves. 
(6) The position of the heart. 


It was found that in both normal and abnormal cases the amplitude of individual components 
of the ventricular complex varied more with respiration than did the ratios, and therefore no absolute 
measurements of QRS amplitudes are given. 

The cases were divided into four age groups: Group I, 16 months to 4 years, Group II, 5 years 
to 8 years, Group III, 9 to 12 years, Group IV, 13 to 15 years. 


RESULTS: CHILDREN WITH NORMAL HEARTS 


The findings obtained in the normal and abnormal series are outlined separately and compared 
and contrasted according to age in Tables I to IV. Among those with normal hearts, there were 9 
subjects each in Groups I and II, 19 in Group III, and 16 in Group IV. 

The position of the heart was intermediate in 29, vertical in 21, and horizontal in 3 children. 
The last position was seen in one child each in Groups I, III, IV, and the highest incidence of the 
intermediate position occurred in Groups III and IV. 

Lead aVR. Four types of ventricular complex were seen in this lead: RS (21 subjects), QR 
(20 subjects), RSR’ (8), and QS (4). Age did not influence the type of complex (Fig. 1, 2, 4, 5, and 6). 

In all 20 children with a QR pattern the Q/R ratio was greater than one, varying from a maximum 
of 18 to a minimum of 1-3. There was a tendency for the group average ratio to vary inversely 
with age, the highest (8-5) occurring in Group I and the lowest (4-1) in Group IV. In all children 
with an RS pattern the R/S ratio was less than one, varying from 0-16 (Group IT) to 0-5 (Group II), 
and R’/S ratios varied from 0-09 to 0-16 (Tables I and II). 


TABLE I 
Q/R Ratios In LEAD AVR 




















Nowa: a 2Dcas wih Qm>1 | RY Hapenopta:, | RY Heep 
No.of Q/R Ratio al Q/R ratio my ——QIR ratio 
ns Max. Min. | Ave. eiane Max. Min. Ave. | vee Max. | Min. Ave. 
Group | 4 | 13/4 | 85! 0 wt si — | 5 | 038 | 003 0-24 
Group II s | 14/16] 5 I a — | 37 | 12 | O75 | 005 | 03 
GroupII..| 7 10 | 13 47. 2 =, 45 1-6 3-5 6 | 06 | O16 | 034 
Group IV .. + 04 


Be is 41 0 — — — - 0-7 0-13 0-4 





* In the remaining 2 cases Q/R=1 


The ventricular activation time lay between 0-04 and 0-05 sec. in subjects with a QR pattern, 
between 0-02 and 0-06 sec. in those with RSR’, and did not exceed 0-02 sec. when an RS was present. 

Lead V1. The R/S ratio was less than one in 42 children (79%), the maximum being 0-8 and the 
minimum 0-08 (Fig. 1). The ratio was equal to one in 3 instances (1 in Group II and 2 in Group III 
(Fig. 6)), and was greater than one in 8 children (5 in Group I and 3 in Group II (Fig. 2 and 4)), when 
it varied from 7 to 1:2. The higher ratios were found in Group I (average 3-2), and the average 
in Group II was 1-4. Eleven subjects showed slurring of the QRS which in two was related to 
respiration (Fig. 3), and in one an RSR’ pattern occurred (Fig. 5). 

The ventricular activation time did not exceed 0-03 sec. except in the child with an RSR’ pattern 
(Fig. 5 and Table III). 
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TABLE II 
R/S Ratios IN LEAD AVR 
leiits : 
Olute No. of R/S ratio ; 
Cases 
Max. Min. Ave. 
years a 
Group I 4 0-18 0-13 | 0-17 
Group II A 0:16 0:07 0-12 
Group II 7 0-2 0-05 O12 
ared 
nti Group IV 6 0-14 007 | Ol 
dren * These were all normal children: in those with right ventricular 
f the hypertrophy there was a Q/R ratio (see Table I). 
, QR 
id 6). 
mum 
rsely 
dren 
9 IT), 
ve. 
24 
3 
34 . 
oes FiG. 1.—Normal heart from patient, aged 14 years. Fic. 2.—Normal heart from patient, aged 3 
)-4 Right axis deviation. Vertical heart. Qr inaVR, rS years. Qr in aVR, Rs in VI. T wave 
in V1. T wave inverted in V1. inverted in VI and 3. 
Lead V5. The R/S ratio was greater than one in 52 children, varying from 40 to 2, and there was 
tern, 1 tendency for the group average ratios to increase directly with age. In one child (in Group III) 
sent. the ratio was 0-42. 
d the Che ventricular activation time lay between 0-02 and 0-04 sec., and in the solitary child in whom 
p Il the R/S ratio was less than one it was 0-03 sec. 
when Che ratio R/S in V5 divided by the ratio R/S in V1 was calculated and the maximum was 158 and 
Tage the minimum 1-4. The averages for each group were: Group I, 11; II, 7; HII, 25; IV, 30. 
-d to The T waves. This was inverted in aVR in every case, and upright in aVL and aVF with the 
exception of 2 subjects, in one of whom it was flat in aVL and in the other inverted in aVF. In 
ttern lea V1 it was inverted in 39 of the 53 subjects; 9 (100%) in Group I, 8 (89%) in IT, 15 (78%) in II, 
7 (44%) in IV. T wave inversion was present in V2 in 19 instances, in V3 in 13, in V4 in 5, 
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TABLE Ill 


R/S RATIOS AND VENTRICULAR ACTIVATION TIME IN LEAD V1 








Ventricular Ventricular 

R/S ratio activation R/S ratio activation 

No. of time/secs. | No. of | time/secs. 
a ee ae a ee a | | Cases | l aie ide a. 
Max. | Min. | Ave. | Max. | Min. | Ave. | | Max. | Min. | Ave. | Max. | Min. | Ave. 





R/S ratio less than 1 


























Normals (42 cases) Right Ventricular Hypertrophy (5 cases) 
Group I | 4 | 07 | 0:25 | 0-46 | 0:02 | 0-01 o-01s | ae Ginaell Mes | —;};—|—- | -- 
Group II | 5 | 07 | 04 | 054 | 002 | O01 (0016; 3 | 0-85 | 0:08 | 0-49 | 0:02 | 0:01 001s 
Group III, 17 | 08 | 0-12 | 0:39 | 0:03 | 0-01 0-017 1 | — | — | 0-25 i fb a el 

. | St r | | i toes 
GroupIV, 16 | 09 | 008 | 0:36 005 001 002 | I | — | — | 07 -— — (002 
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| | 








R/S ratio greater than 1 





Normals (8 cases) Right Ventricular Hypertrophy (29 cases 
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7 | 15 | 32 | 002 002 | 002 4(+3) | 40 | 4 | 142 | 0:06 | 0:04 | 0-036 











GroupI | 5 

Goup II 3 15/12 | 14 | 002 | 002 | 002) 1+6H | 9 | 44 | 55 | 006 | 0-02 0-043 
Group 0 | — | —  — | — | — | — ft 643) 86/15 | 40 | 008 | 0-04 | 0045 
Gropiv, o | —|—|—|—|— | — Jiraya] — | — | 33 | 006 | 004 [00s 





Figures in brackets represent Nos. of cases in which amplitude of deflection could not be measured. 


There were 5 cases where the R/S ratio was equal toone. The ventricular activation time was 0:02 sec. in all the 
3 normals, and 0-02 and 0-03 sec. in the 2 cases with right ventricular hypertrophy. 


in V5 in 1, and never in V6. Except in V1, age did not influence the direction of the T waves: 
the lone example of inversion in V5 was from Group II (Fig. 6). 


CHILDREN WITH RIGHT VENTRICULAR HYPERTROPHY 


There were 6 cases in Group I, 15 in Group II, 10 in Group III, and 5 in Group IV. The 
position of the heart was vertical in 32 cases and intermediate in 4, the ages of the latter being, 12, 
12, 13, and 4 years respectively. 

Lead aVR. Three types of ventricular complex were seen: QR (32 patients), RSR’ (3), and 
monophasic R (1). As in the normal series, age did not influence the type of complex. 

The Q/R ratio was greater than one in only 3 cases that had a QR complex (1 in Group II and 
2 in Group III) and ranged from 1-6 to 4-5 (Fig. 7) and was equal to one in 2 cases (Groups I : nd 
III). It was less than one in 27 (72% of all abnormal cases); the ratios varied between 0-75 and 0 93, 
and the group average ratios increased with age, being 0-24 in Group I and 0-4 in Group IV. Of 
the 3 cases with an RSR’ pattern 2 were in Group II and | in Group III, the average R/S ratio of 
the former being 0-51, and the ratio of the latter 1-4. The lone example of a monophasic R wave 
occurred in Group IV and was 13 mm. in height (Tables I and II). 

The ventricular activation time lay between 0-03 sec. and 0-08 sec. (average 0-04) in cases with a 
Q/R ratio of less than one, and between 0-06 and 0-08 sec. (average 0-05) in those with a Q/R ritio 
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Fic. 3.—Normal heart, aged 11 years. V1 showing notching of QRS varying with respiration. 





greater than one. In two cases in which this ratio was equal to one, the times were 0-04 and 0-08 
seconds respectively, and in those with an RSR’ pattern they did not exceed 0-08 sec. In the instance 
where a monophasic R wave occurred the activation time was 0-03 sec. Although the maximum 
activation times were greater than in the normal children, the group average times fell within the 
same range as the abnormal cases. In none of the former subjects did a time of more than 0-06 sec. 
occur, however. 

Lead VI. The R/S ratio was greater than one (range 40 to 1-5) in 29 cases (80°), and equalled 
one in 2 cases which were in Groups I and II respectively. In 5 children the ratio was less than one 
(range 0-85 to 0-08), 3 being in Group I, and 1 each in Groups III and IV respectively. In 15 cases 
the complex consisted of a monophasic R wave, in 3 the voltage was too high to permit recording 
of amplitudes, and in 2 others the R wave was preceded by a small q wave (Fig. 7 to 11). 

In the 29 cases with R/S ratios greater than one the ventricular activation time was 0-08 sec. in 2 
cases, 0-06 in 3, 0-05 in 2, 0-04 in 17, 0-03 in 2, 0-02 in only 1, and could not be measured in 2 cases. 
Where the ratio was equal to one, the activation times were 0-03 and 0-02 sec. respectively, and where 
it was less than one they were 0-02 sec. in 4 cases and 0-01 sec. in 1 case (Table III). 

In right ventricular hypertrophy the ventricular activation time was greater than 0-02 sec. when 
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Fic, 4.—Normal heart from patient, aged 24 years. Fic. 5.—Normal heart from patient, aged 13 
Right axis deviation. Vertical heart. RSR’ in years. Qr in aVR, RSR’ in Vl. T wave 
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the R/S ratio in V1 was greater than one, but was 0-02 sec. or less when the ratio was less than one. 
By contrast, the normal children all (with one exception) had times not exceeding 0-03 sec. irrespec- 
tive of the R/S ratio. In the abnormal series the 7 cases with R/S in V1 equal to or less than one, 
all had prominent R waves in lead aVR (Q/R ratio less than one, with a maximum of 0-5, in 6, and 
monophasic R in 1). Fig. 12 shows the Q/R ratio in aVR plotted against the ventricular activation 
time in V1 in 31 cases of right ventricular hypertrophy. In 6 cases with R/S in V1 equal to or less 
than one, the activation time in V1 varies inversely with the size of R in VR, and therefore directly 
with Q/R in aVR. However, in 25 cases with R/S in V1 greater than one, there is no relation 
between the activation time in V1 and the Q/R ratio in aVR. 


TABLE IV 


R/S RATIOS AND VENTRICULAR ACTIVATION TIMES IN LEAD V5 





; Ventricular Ventricular 
| No. of R/S ratio activation No. of R/S ratio activation 
Cases time/sec. Cases time/sec. 


Max. | Min. Ave. | Max.! Min. Ave. Max. Min. Ave. | Max.) Min. | Ave. 


R/S ratio greater than 1 


Normals (52 cases) Right Ventricular Hypertrophy (15 cases) 


GroupI | 6(+3) 12 ao 39 0:04 0:02 0-03 ] a= — 4:7 — —- 0:03 





GroupII. 8+1) 17. | 25 | 67 | 004 002 003 7+1) 53 | 12 26 | 005 | O01 | 003 





Group III 14(+4) 19 2 71 0:04 002 003 4(+1) 1-8 1-4 1:7 | 0:04 | 0-02 | 0-025 


Group IV 12(+4) 40 4 15 0:04 | 0:02 | 0:03 (1) — — — a — | 0:06 





R/S ratio less than | 











Normals (1 case) Right Ventricular Hypertrophy (21 cases) 
Goma) @ fs fae i we i et oe] 5 (075) O1 047 0:03 0-01 0-026 
GroupII| 0 on one on _ a 7 08 02 059 0-03 002 0-021 
Group III 1 a ae — | 0-03 5 0-68 0:29 047 004 002 0-024 
GroupIV 0 ~ — — — —_ — 4 0-43 | 0:17. 0:36 | 0-02 0-01 | 0-017 





* Figures in brackets represent numbers of cases in which amplitude of deflection could not be measured. 


Lead V5. The R/S ratio was greater than one (range 4-7 to 1-2) in 15 cases (42%), and less than 
one (range 0-75 to 0-1) in 21 (58%). 

When the R/S ratio was greater than one, the group average of the ventricular activation time \ay 
between 0-02 and 0-06 sec. (Fig. 8), and when the ratio was less than one, between 0-02 and 0-03 sec. 
(Fig. 10 and Table IV). 

Ratio R/S in V5 divided by ratio R/S in V1 (R/SV5/RSV1) was calculated and the maximum was 
2:5 and the minimum 0-02. The averages for each group were: Group I, 0-3; II, 1-1; III, 05: 
IV, 0-1. Although the age group averages were much lower than in the normal series, there was a 
wide scatter of individual ratios. 

The T waves. In lead V1 the T wave was upright in 13 cases, biphasic in 5, flat in 1, and inverted 
in 17. In V5 it was upright in all except | case in Group II. In aVR the T wave was inverted in 
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FiG. 8.—Right ventricular hypertrophy. Age 44 years. Fic. 9.—Right ventricular hypertrophy. Age 44 
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every case, in aVL it was inverted in 3, flat in 3, biphasic in 2, and upright in 28, while in aVF it 
was inverted in 4, flat in 1, and upright in 31 cases. Age did not exert any influence. 

Precordial Leads to the Right of the Sternum. These were performed in 13 cases. In V4R or 
V3R 8 cases showed a gR pattern, 3 a monophasic tall R wave, and 2 an RSR’ with tall R wave. 
The Q/R ratios ranged from 0-02 to 0-4 (Fig. 8). Of the cases with R/S in V1 less than one, right 
sternal leads were obtained in one, in which the Q/R ratio in V4R was 0-03. Of the 2 cases with 
R/S in V1 equal to one, | had right sternal exploration which showed a Q/R ratio of 0-03 in VSR 
(Fig. 11). In 2 cases only was the T wave upright in V3R or V4R. 

The ventricular activation time varied from 0-08 to 0-03 sec. It was 0-04 sec. in V4R and in VSR 
respectively in the two cases with R/S in V1 less than one and equal to one. 
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Fic. 10.—Right ventricular hypertrophy. Age 12. Fic. 11.—Right ventricular hypertrophy. Age 5. Right axis 
Right axis deviation, clockwise rotation, qR deviation, qR in aVR, qR in V5R, RS in VI. Rs in VS. 
in _— rS in V1. Praecordial T waves up- Precordial T waves upright. 
right. 

DISCUSSION 


The results in the normal subjects are in general agreement with those of Switzer and Besoan 
(1950), although these workers did not measure Q/R and R/S ratios. Kuskin and Brockman (1950) 
studied the precordial T waves in 321 normal irfants and children and obtained results similar to 
those in this series. Battro and Mendy (1946) showed that in children from birth to two years the 
R wave was frequently larger than the S in lead V1. Schaffer et al. (1950) examined 50 normal 
infants, aged | to 6 days, and found appearances suggesting right ventricular hypertrophy (large R 
in V6R, sternal lead, and aVR; marked clockwise rotation). They did not measure activation 
time, but in one cardiogram illustrated it was approximately 0-04 sec. in the three leads mentioned. 
Sokolow and Lyon (1949) studied children and adults with right ventricular hypertrophy and 
compared them with normal controls who were, however, mostly adults. They found that in normal 
children under the age of 5 years the R/S ratio in V1 might be as much as 4, but did not exceed one in 
persons above this age. The ratio RS in V5/RS in V1 was never less than 0-4, the average being 
32. The same workers found the maximum ventricular activation time in V1 to be 0-03 sec., as 
was noted in this series (with the exception of one subject with an RSR’). Tudbury and Atkinson 
(1950) in a study of 100 normal infants and children found RSR’ M-shaped complexes in V3R 
and V1. Myers et al. (1948) suggested that the R wave in aVR should not exceed 5 mm. in normal 
persons and found it greater than 5 mm. in 23 per cent of a series of 40 cases of right ventricular 
hypertrophy. However, little has been written about the right arm lead ventricular complex in 
normal children, although a qR pattern is usual in newborn infants (Schaffer, 1950). 
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RIGHT VENTRICULAR HYPERTROPHY 
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Fic. 12.—The Q/R ratio in aVR plotted against the ventricular activation 
time in V1 in 31 cases of right ventricular hypertrophy. 


The electrocardiographic appearances of right ventricular hypertrophy have been well described 
by Myers (1948) and by Sokolow and Lyon (1949). The former workers established the following 
criteria in a study of 40 adult cases. 

(1) Reversal of ratio of R and S waves in V1 and V6, R larger than S in V1, S larger than 
R in V6. 

(2) Ventricular activation time 0-03 to 0:05 sec. in V1 and longer than in V5 or V6. 

(3) Tendency to small gq in V1. 

(4) Tendency to inverted T wave in V1 and upright T in V6. 


In one patient in Myers’ series signs of right ventricular hypertrophy were present in V3R but 
notin Vl or V2. In 6cases V1 was normal but aVR showed a tall R (four to ten times the amplitude 
of the Q wave) and an abnormally large S in V6. In these 6 cases the changes were considered to 
be presumptive but not conclusive evidence of right ventricular hypertrophy, and tracings of 2 cases 
are shown which were found to have normal hearts at necropsy, in which the Q/R ratio in aVR is 
approximately one. However, in Myers’ Cases 12, 13, 19, and 20, where the R wave in aVR is at 
leasi four times greater than the Q wave and in one instance is monophasic, right ventricular 
hypertrophy was confirmed at necropsy, while in 23 of their cases of right ventricular hypertrophy 
R in aVR was 5 mm. or more. These investigators point out that backward rotation of the apex 
may result in an R wave greater than the Q in aVR, and Goldberger (1949) considered that qR in 
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aVR was due to extreme clockwise rotation, and might theoretically occur even in normal people, 
although he had never seen it. 

Schack et al. (1950) in an analysis of the cardiograms of 100 normal adults found the ratio of 
the positive to negative waves (R/Q ratio) in aVR did not exceed 0-5. In 27 adults with right 
ventricular hypertrophy the R/Q ratio in aVR varied from 0-2 to 6. These workers considered that 
an R wave in aVR greater than 4 mm. in adults and 5 mm. in children over the age of two years 
constitutes one of the criteria of right ventricular hypertrophy. 

Sokolow and Lyon (1949) in a study of 60 cases of right ventricular hypertrophy (24 of which 
were children) found the R/S ratio in V5 and V6 to be one or less in 19 cases, and the R/S ratio in V1 
to be greater than one in 43. RSin V5/RS in V1 was less than 0-4 in 15 cases. Unipolar precordial 
leads in normal infants were characterized by a greater R/S ratio in V1 and V2 (up to 4) than seen 
in older persons, but did not show the delayed intrinsicoid deflection in V1 and V2 seen in right 
ventricular hypertrophy. Their youngest patient with right ventricular hypertrophy was one month 
old, but the ages of the normal infants are not given. As has already been mentioned, analysis of 
the cardiograms of one of Schaffer’s (1950) normal two- to three-day-old infants reveals an activation 
time of 0-04 sec. in right precordial and sternal leads. Sokolow and Lyon did not, however, 
consider the right arm lead to be of much value in the diagnosis of right ventricular hypertrophy. 

The results of the present investigation show that the ventricular pattern in normal children 
over the age of one year may show wide variations that in certain instances resemble right ventricular 
hypertrophy. An R/S ratio of more than one in lead V1 occurred in 8 cases, all under the age of 
8 years. 

The appearances in Fig. 2 and 4 of an Rs complex in V1, with inversion of the T wave in VI 
and V3 resemble the changes of right ventricular hypertrophy. In both these subjects, however, 
the ventricular activation time in V1 is less than 0-03 sec., and the negative deflection in aVR is 
much greater than the positive. These tracings may be contrasted with the appearances in Fig. 7 
(right ventricular hypertrophy). In this case the ventricular activation time in V1 exceeds 0-03 sec., 
although the Q/R ratio in aVR is 4. Conversely Fig. 10 and 11 illustrate that RS or rS patterns 
and normal activation times, with upright T waves may occur in V1 in children with right ventricular 
hypertrophy. In these cases (and in others not illustrated) the R wave in aVR greatly exceeds the 
q wave, a finding that is never present in a normal subject. T wave inversion in the precordal leads 
is of no value in the diagnosis of right ventricular hypertrophy, while slurring of the QRS in lead V1 
occurs in normal children, as illustrated by Fig. 2. 

The findings in this series suggest that the important signs of right ventricular hypertrophy are 
a R/S ratio of greater than one with ventricular activation time greater than 0-03 sec. in lead V1, anda 
Q/R ratio of less than one in lead aVR (Fig. 8). Cases of right ventricular hypertrophy may show 
only one or other of these two signs, as illustrated by Fig. 7 and 10. But in none of the cases of 
right ventricular hypertrophy presented have both these signs been absent. Fig. 11 also shows a 
large R wave and ventricular activation time of more than 0-03 sec. in V5R. 

A Q/R ratio of less than one in aVR is a useful sign of right ventricular hypertrophy, especially 
when VI is normal, although a ratio of more than one does not exclude it. In children with Q/R in 
aVR greater than one, or with a predominantly negative deflection in this lead, an activation time of 
0-06 sec. or more is suggestive of right ventricular hypertrophy (Fig. 7). 

Clockwise rotation of the heart on its vertical axis or backward rotation of the apex can produce 
an R wave larger than the Q in aVR (Myers et al., 1948; Goldberger, 1949), but the evidence suggests 
that such a degree of rotation does not occur in the absence of right ventricular hypertrophy in 
children over the age of one year. In other respects the findings agree with those of Sokolow «nd 
Lyon (1949), except that they considered the ratio RS in V5/RS in V1 to be more helpful than the 
present results suggest. The presence of a large R wave in leads V3R and V4R with activation 
times exceeding 0-03 sec. in all the cases of right ventricular hypertrophy in which these leads were 
recorded indicates that this pattern is an important diagnostic aid. 

The results of the present investigation do not indicate the mechanism of the electrocardio- 
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graphic changes of right ventricular hypertrophy. In the extreme example, the appearances suggest 
that the heart is electrically ‘‘ back to front ’’ and that right precordial and sternal leads face the 
left ventricle, and vice versa. Lead aVR also appears to face the left ventricle, so that possibly 
the extreme degree of clockwise rotation rather than the increased thickness of the ventricular 
muscle is responsible for the characteristic complexes. This suggestion is supported by the work 
of MacGregor (1950) who found that direct right ventricular epicardial leads in cases of right 
ventricular hypertrophy showed an rS pattern, although he was not able to explore the right 
ventricle fully. The ventricular activation time in these leads lay within the normal range. In 
the present series the average activation time in V5 in each age group in cases of right ventricular 
hypertrophy was usually 0-03 sec. or less, but was not significantly shorter than in the normal 
subjects. The qR in aVR and large R in aVR are rotational phenomena, and their frequent 
appearance in right ventricular hypertrophy is further evidence of marked clockwise rotation and/or 
backward rotation of the apex, so that left ventricular potentials are reflected to the right arm. On 
the other hand, examination of the appearances in Fig. 7 and 8 in which rS complexes do not appear 
in any precordial lead but are seen in aVL suggests that increase in thickness of the ventricular 
muscle as well as rotation of the heart is responsible for the patterns. The significance of the 
combination of an rS or RS pattern with normal ventricular activation time in V1, with a qR 
complex in aVR, seen in 7 cases and illustrated in Fig. 9, 10, and 11 is difficult to assess. Possibly 
in these children VI does not face the hypertrophied portion of right ventricular muscle, while 
aVR faces left ventricular muscle as a result of clockwise rotation or apical tilting. Fig. 10 shows 
considerable clockwise rotation, while in Fig. 11 there is little of this rotation but probably con- 
siderable backward apical tilt producing qR complexes in aVR and VSR. 

It is clear that cardiac rotation cannot be solely responsible for the appearances in right 
ventricular hypertrophy, and the part it plays will await more detailed studies involving extensive 
epicardial exploration and the new techniques of spatial vectorcardiography. 


SUMMARY 


Standard and unipolar lead electrocardiograms recorded from 53 normal children between 
the ages of 1 and 15 years have been compared with tracings taken from 36 children of similar 
ages with right ventricular hypertrophy. 

In the normal subjects the usual finding in lead V1 was an rS pattern wiih an R/S ratio less than 
one, but in 15 per cent this ratio was greater than one. The ventricular activation time in V1 never 
exceeded 0-03 sec. except in one case showing an RSR’ complex. In lead aVR the positive deflec- 
tion was never greater than the negative and the activation time did not exceed 0-06 sec. 

In right ventricular hypertrophy the following patterns were seen in VI: qR with Q/R ratio 
less than one; Rs with R/S ratio greater than one (both with activation times exceeding 0-03 sec.); 
and RS or rS with R/S ratio equal to one or less than one, and activation times of 0-03 sec. or less. 

In lead aVR the positive deflection was greater than the negative in 83 per cent of cases, including 
5 with rS and 2 with RS patterns in VI. A Q/R ratio less than one in lead aVR, although in 
itself merely a sign of extreme clockwise rotation or backward tilting of the heart, is a highly 
suggestive indirect sign of right ventricular hypertrophy, although its absence does not exclude 
the diagnosis. It is a particularly important sign in cases in which VI is normal. A ventricular 
activation time of more than 0-06 sec. in aVR did not occur in any normal subject but was seen in 
cases of right ventricular hypertrophy in which the Q/R ratio in this lead exceeded one. 

n 13 cases (30%) in the right ventricular hypertrophy series right sternal leads V5R to V3R 
were recorded and showed a larger positive than negative deflection and activation times of 0-03 sec. 
or more. 

nversion of the T wave in precordial leads V1 to V3 was not found to be a valuable sign of 
right ventricular hypertrophy, since it was often present in normals. Conversely, the T wave was 
often upright in the same leads in right ventricular hypertrophy. 
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The possible mechanism of the changes seen in right ventricular hypertrophy are briefly discussed 
and it is suggested that in certain cases extreme clockwise rotation may play a part in the production 
of the qR complex in V1 and aVR by causing the left ventricle to face these leads, but that other 
factors certainly contribute. 


I wish to thank Professor E. J. Wayne for his assistance and encouragement, Professor R. S. Illingsworth and Dr, 
T. Colver for their co-operation, and Mr. A. G. Barritt for technical help. Professor J. McMichael, Dr. Maurice 
Campbell, Dr. David Lewes, and Dr. Alastair Macgregor kindly gave valuable advice on the preparation of the paper. 
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For many years certain electrocardiographic changes have been associated with mitral stenosis. 
As far back as 1913, Sir Thomas Lewis wrote: ** The electrocardiograms of mitral stenosis are often 
so characteristic that the valve lesion may be diagnosed from these curves alone.”’ It has, however, 
been realized that considerable reservation must be made respecting the value of this investigation 
in the diagnosis of valvular lesions and it has fallen somewhat into disuse. 

The changes most frequently described are increase in the amplitude and duration of the P 
waves, Sometimes associated with alteration in their shape, and a tendency to right axis deviation. 
More recently the introduction of unipolar limb and precordial leads has allowed a more accurate 
assessment of the relative part played by the position of the heart and by the size of the ventricles; 
while new methods of investigation, including cardiac catheterization, have clarified many of the 
problems of the normal and abnormal heart. 

In this paper the electrocardiographic changes in 75 cases of mitral stenosis are analysed and 
related to the radiological findings, and in 35 cases to the findings from cardiac catheterization. 

Viaterial and Method. The patients are those who have been attending Guy’s Hospital with a 
view to mitral valvulotomy. It is arguable, therefore, that they would belong to the group of 
patients who fulfil the criteria for this operation (Baker, Brock, and Campbell, 1950); this is 
probably true to some extent, particularly in those who have been catheterized, for this investigation 
has usually been done as a prelude to operation. 

The diagnosis of mitral stenosis in this series has been made on the finding of the characteristic 
physical signs and confirmed by fluoroscopy. No case has been included that on clinical and 
radiological grounds could be diagnosed as predominantly mitral regurgitation. All cases with 
clinical or radiological evidence of aortic disease were excluded, as it was felt that these would only 
serve to confuse the picture. 

The sex and age distribution are shown in Table I. It will be seen that there is a preponderance 
of women, with an approximate ratio of 2 : 1, and most cases fall in the young adult age group. 


TABLE I 
DISTRIBUTION OF AGE AND SEX 





0-9 10-19 20-29 30-39 40-49 50-59 Total 





il records were made with a visocardiette direct writing machine, with the patient semirecum- 
beni. The usual standard leads were used together with the unipolar limb leads (VR, VL, and VF), 
and the unipolar chest leads (V1-6). The machine was standardized before recording so that 
Im:\.=1-0 cm. 
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THE RESULTS 


P Waves. The earliest descriptions of the electrocardiogram in mitral stenosis nearly all contain 
reference to P waves. Lewis described the P waves as exaggerated in amplitude and often broad, 
flattened, or notched. He also made the interesting observation that in cases showing auricular 
fibrillation the F waves were large and obvious, and in his experience this type of wave was only seen 
in mitral stenosis. 

A more extensive study was made by White in 1925. He found that in 58 cases of mitral stenosis 
with normal rhythm 84 per cent showed abnormalities in the amplitude of PI and PII, his criteria of 
the upper limits of normal being PI=1 mm., and PII=3 mm. He also noted a similar increase in 
the amplitude of the P waves in pulmonary stenosis. 

It was generally held that these enlarged P waves were caused by changes in the atria. In 1938 
Berliner and Masters published their observation on 113 cases of mitral stenosis that had come to 
necropsy, and compared the post-mortem findings with those of the electrocardiogram: they con- 
cluded that notching of the P waves was the most constant sign, and that marked increase in the 
amplitude and duration of the P waves was only found in hearts with hypertrophy of both atria, 
and therefore generally when tricuspid disease also was present. 

A more recent survey by Rasmussen and Nyhus (1948) did not show such consistent P wave 
changes: in only 13 out of 48 cases was there any abnormality of the P waves. The explanation of 
this difference is variation of the standards of abnormality, their upper limit of normal being as 
follows: height of PI, 0-2 mv. or more; and of PII, 0-25 mv. or more; and duration of P, 0-13 sec. 
or more. 

In this series the standards laid down by Ashman and Hull (1941) in adults have been used, the 
range of amplitude being PI from 0 to 1-1 mm. and PII from 0-3 to 2-5 mm., and the range of 
duration being PII from 0-06 to 0-11 sec. In examining the P waves in lead V1 the table published 
by Leatham (1950) of the variations in one hundred normal hearts has been used. 


TABLE II 
HEIGHT OF P WAVES 





| 
Height of P waves in mm. 

















Total 

Size of — Aur. ve | : number 

L. Atruim. | Fib. Positive _ Negative of cases 
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Of the 52 electrocardiograms with sinus rhythm, P in V1 was diphasic in 36 (72%). The double lines mark the 
limit of normal for each lead. ; 
*All the 5 cases with the atrium greatly enlarged had auricular fibrillation so they have been added here. 


The distribution of the height and breadth of the P waves in leads I and II, and the height o/ the 
P wave in lead V1 are shown in Tables II and III. The cases were subdivided according to the 
appearance of the left atrium seen on screening, the size of the left atrium being denoted by a series 
of signs, + indicating slight, ++ moderate, +++ great, and +++-+ aneurysmal enlarge- 
ment of the atrium. It is realized that screening only gives a rough guide to the size of the various 
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chambers of the heart but in this series all the assessments as to atrial size were made by one 
observer and are probably of value if only as an approximate index. Most of the cases show only 
slight or moderate enlargement of the left atrium, and this may well be a reflection of the type of 
case referred to Guy’s at this time. The table shows that 23 cases have auricular fibrillation, and 
that the larger the atrium the more likely it is to be fibrillating. 

Of the remaining fifty-two cases, twenty (40%) show increase in height of P in lead I, and eleven 
(22°) in lead II. In lead VI a very high proportion (72% of those in sinus rhythm) show diphasic 
P waves, as against 18 per cent given by Leatham as the normal value, and although the amplitude 
and duration of most of the P waves in this lead lay within the usual limits, there was a small group 
who were outside this range. 

When the breadth of the P waves is examined, twenty-four out of fifty-two (48°%) show a duration 
above the average limit of normal in lead II. It would, therefore, seem that both increase in 
amplitude and duration may occur in the P waves in mitral stenosis, and that increased duration is 
slightly the commoner finding. Furthermore, diphasic P waves in lead V1 occur in a high pro- 
portion of cases. 

TABLE III 
DURATION OF P WAVES IN LEAD II 





Duration of PII in seconds 








Size of | Aur. 

Left Atr. | Fib. 9.16 0-14 0-12 0:10.0-08 0-06 Total 
Normal — |j—j;—)} 1] 1;-—|— 2 
+ 7 1) 4/14/12} 6] 3) 47 
++ 11 —- 1 a 3 | Ka | 21 
+++ or | 

++4++, 5 al aeieotmetant 
Total 23 1 5 | 18 | 16 8 4 75 
Limit of 
Normal 


The other frequently described change in the P waves is in its shape. Shape, unlike duration 
and amplitude, is not easily measured: it bears some relationship to duration and amplitude but 
this is by no means absolute. In this series the shape of the P wave was examined in lead I and II: 
the abnormal types described are the flat-topped P wave and the pointed P wave. Notching is 
described separately. Thirty-two cases (61%) showed flat-topped P waves in either lead I or II. 
Pointed P waves were much less common and were found on only six (11%) occasions. Notching 
was found in sixteen cases (31°) and was nearly always associated with the flat-topped type of P 
wave. 

When the amplitude and duration of the P waves are compared with the size of the left atrium, 
as shown by screening (Table II), there does not appear to be any relationship between them; 
although the small number of cases with large atria makes it difficult to form a definite opinion 
here 

Scatter charts were made to show the amplitude, breadth, and area of PI and PII plotted against 
the pulmonary artery pressure. It was thought that this pressure might bear some relationship to 
the degree of mitral stenosis, and therefore to the degree of resistance that the left atrium had to 
overcome, and that this resistance would lead to atrial hypertrophy and be mirrored in the P waves. 
However, no relationship could be seen on the charts and it is probable that both the shape of the 
P wave and the pulmonary artery pressure depend on many factors beside the size of the mitral 
aperture. 

P_R Interval. In 1916, White reported heart block occurring in rheumatic fever and since then, 
pro'ongation of the P-R interval has been a classical, but by no means common, finding in this 
condition. In non-active rheumatic heart disease, however, changes in the P-R interval seem rare. 
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Rasmussen and Nyhus report it in only 4 out of 48 cases in their series. In only four cases (%°,) 
of this series was the upper limit of normal of 0-2 sec. exceeded, and it would therefore appear that 
prolongation of the P-R interval rarely survives the acute phase of the rheumatic process. 

Q-T Interval. Of recent years there has been considerable interest in the Q-T interval. In 1931, 
Berliner noted that it was prolonged in rheumatic heart disease, and this observation has been 
extended by Taran and Szilagyi (1947) in America, and by Abrahams (1949) in this country. They 
showed that increase in the Q-Tc (Q-T interval corrected for variation in heart rate) was a valuable 
indication of active carditis in rheumatic fever. 

The Q-T interval was measured in this series of cases and compared with the standard values 
given by Ashman and Hull (1941). In all cases it was within normal limits. 

Axis Deviation and Position of the Heart. The exact electrical axis of the heart has not been 
calculated, as this aspect has already been fully described by Rasmussen and Nyhus (1948). The 
cases were diagnosed as right axis deviation if both the following criteria were fulfilled: (i) in lead 
I, S= twice R, and (ii) in lead III R= twice S. Left axis deviation was diagnosed when the converse 
was found. It is probable that the electrical axis of the heart depends as much on its position as on 
the relative size of the two ventricles, though of course these two factors cannot be entirely separated. 

With the introduction of unipolar chest and limb leads it has become possible to obtain a more 
accurate picture of the position of the heart. When the heart is vertical the chest leads from the left 
ventricle are reflected in VF, and VL is predominantly negative. 

Out of the seventy-five cases in this series, twenty-two (29°) showed right axis deviation, fifty- 
two (70°) no axis deviation, and one (1°) left axis deviation. This is rather a lower incidence of 
right axis deviation than the 43 per cent reported by White and Burwell (1924) and approximates to 
the 26 per cent found by Rasmussen and Nyhus (1948). A high proportion of all cases (68%) had 
a vertical heart and in every case with right axis deviation the heart was in this position. 

The other noticeable feature in the ventricular complex was the frequent appearance (68%) of 
an rRR pattern in the standard leads with a small r wave in lead I and normal or large R waves in 
leads II and III (Fig. 1). This occurred in every case with right axis deviation and in a further 
twenty-nine with no axis deviation. 
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in the thirty-five patients who had been catheterized so that the diagnosis of atrial septal defect 
could be excluded, only two showed an RR! pattern in lead V1 and this was never found in V2. 
This would serve as a further useful point in differentiating mitral stenosis from atrial septal 
defect. 

Ventricular Hypertrophy. The introduction of unipolar chest leads has enabled a more accurate 
assessment of the relative thickness of the ventricles, although the cardiographic signs of right 
ventricular hypertrophy are not so clear-cut as those of left. In this series the criteria laid down by 
Sokolow and Lyon (1949) have been used. They may be summarized as follows. 

(1) Large R wave and small S wave in the right precordial leads especially lead V1. 

(2) Delayed onset of the intrinsicoid deflection in lead V1. 

(3) Small R waves and large S waves in lead V5 and V6. 

(4) S-T depression and T inversion in leads V1 and V2 and also in leads VL or VF and in leads 
and III. This last group of changes are inconstant. 


Thirty-five (47°,) of the seventy-five cases showed electrocardiographic evidence of right ventri- 
cular hypertrophy. An analysis of the occurrence of the various criteria is given in Table IV and it 
will be seen that an R/S ratio of greater than one is the most frequent sign. Recently a prominent 
late R wave in lead aVR has been described in cases of right ventricular hypertrophy due to lung 
disease (Kilpatrick, 1951). This change was only found in five cases of this series, all of which 
showed other cardiographic evidence of right ventricular hypertrophy. Only one record showed 
evidence of left ventricular hypertrophy: although there was no clinical evidence of aortic valve 
disease, screening was a little suggestive of aortic regurgitation and this offers the most likely ex- 
planation. If right ventricular hypertrophy was found on the electrocardiogram it was confirmed 
on fluoroscopy in 91 per cent of the cases. However, in a further thirty-four cases there was right 
ventricular enlargement on screening that was not demonstrated by the cardiogram. This 
suggests that screening is the more sensitive method of detecting this change, but the enlarged right 
ventricular outline seen on X-ray may, in some cases, be due to dilatation rather than hypertrophy 
and may, therefore, not show on the cardiogram. 


TABLE IV 


ANALYSIS OF CRITERIA ON WHICH DIAGNOSIS OF RIGHT VENTRICULAR 
HYPERTROPHY WAS MADI 


Criteria considered No. of Cases 
R/S in lead VI more than 1-0 ae re se ms 30 
Intrinsicoid deflection in lead V1 delayed, 0:04 to 0:07 sec. 4 
R/S in lead V5 or V6, 1-0 or less .. os ve ae 11 
R in lead V1, 70mm. or more... ae _ i 12 
S-T depressed and T inverted in lead VI ss oa 6 
R in lead V1+S in lead V5 exceeds 10°5 mm. .. ie 22 


It seemed possible that there would be some relationship between pulmonary artery pressure 
and right ventricular hypertrophy, although of course other factors, such as the duration of this 
raised pressure, probably play a part. Table V shows that a high pulmonary artery pressure is 
usually, but by no means always, associated with electrocardiographic evidence of right ventricular 
hypertrophy. On the other hand, in some cases with an apparently normal pulmonary artery 
pressure there was evidence of right ventricular hypertrophy. A possible reason for this is that the 
pulmonary artery pressure in these cases rises very steeply on exercise and thus the right ventricle 
has more work to do than is suggested by the resting pressure (Baylis et al., 1950). This was 
confirmed in two cases who had their pulmonary artery pressure measured before and after exercise, 
the pressures rising from 27 to 100 mm., and from 28 to 65 mm. Hg respectively. 

\s an extension of these observations the pulmonary artery pressure was compared with the 
decree of the various cardiographic changes found in right ventricular hypertrophy to decide 
Whether any relationship could be demonstrated. When these electrocardiographic changes are 
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TABLE V that the 
RELATION BETWEEN PULMONARY ARTERY PRESSURE AND ELECTROCARDIOGRAPHIC artery p 
EVIDENCE OF R.V. HYPERTROPHY 
Cases with raised pulmonary artery pressure 
i.e. mean, above 30 mm. Hg ee ae we a <=, ae 
with R.V. hypertrophy electrocardiographically .. «« ae Ther 
with no hypertrophy electrocardiographically me ie Se ; 
Cases with normal pulmonary artery pressure .. a a> occur If 
with R.V. hypertrophy electrocardiographically .. = and phi 
with no hypertrophy electrocardiographically se ee) The 
taken individually, it is difficult to decide whether they are in fact an index of ventricular hyper- previou 
trophy. Recent work by McGregor (1950) has emphasized the part played by rotation in the and to 
genesis of the right ventricular hypertrophy pattern, and many of the changes would appear to be vertical 
caused by rotation, and only indirectly by increased ventricular bulk. Nevertheless, the theoretical P wave: 
bases of the electrocardiography is still far from settled, and it was therefore decided to test for main, I 
correlation without being too concerned with the exact method of production of these changes. It Vv 
The following criteria were compared with the pulmonary artery pressure: (1) amplitude of R in V1, change: 
(2) amplitude of S in V5, (3) R/S in V1, (4) R/S in V5, (5) S in V1+R in V5, and (6) R in V1-+S in or to th 
V5. The only noticeable degree of correlation occurs when S in V1-+-R in V5 is compared with the cardiog 
pulmonary artery pressure as is shown in the scatter chart (Fig. 2). This is surprising as this par- ship —s 
ticular combination is not usually taken as a criterion of right ventricular hypertrophy. It will be W it 
seen, however, that in the group mentioned the correlation is by no means close, and it is obvious to oe 
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that the cardiographic pattern offers no short cut to the assessment of the degree of pulmonary 
artery pressure. 


DISCUSSION 


There were two main objectives in this paper: the first to describe how often various changes 
occur in cases of mitral stenosis, and the second to relate these changes to the abnormal anatomy 
and physiology of the heart, as shown by fluoroscopy and cardiac catheterization. 

The first of these objectives is largely a repitition of work already done, and in the main confirms 
previous findings. The chief changes in the standard leads are confined to P wave abnormalities, 
and to right axis deviation. The use of unipolar leads has stressed how frequently the heart is 
vertical and how often it shows evidence of right ventricular hypertrophy. The presence of diphasic 
P waves in lead V1 is a frequent finding of interest, and may be of some diagnostic value. In the 
main, however, there is little to add to Sir Thomas Lewis’s description of some forty years ago. 

It was not possible to show any close relationship between the electrocardiogram and other 
changes in the heart. The P wave changes seem to bear little relation to the size of the left atrium 
or to the pulmonary artery pressure. Similarly, although some correlation could be traced between 
cardiographic signs of right ventricular hypertrophy and pulmonary artery pressure, the relation- 
ship seems very variable and of little practical use. 

With a further understanding of the physical bases of the electrocardiogram, it may be possible 
to interpret wave changes more exactly in terms of altered cardiac anatomy and physiology, and 
finally, perhaps to give these changes a quantitative, as well as qualitative value. Meanwhile, 
although it is possible to discern certain vague quantitative relationships our knowledge remains 
limited to the presence, rather than to the degree of change. 


SUMMARY 


The electrocardiographic changes in seventy-five cases of mitral stenosis are described. 

The most frequent changes are found in the P waves, in a tendency to right axis deviation and 
right ventricular hypertrophy, and in the presence of an rRR pattern in the standard leads. 

Biphasic P waves in lead V1 are a common finding and may be of some diagnostic use. 

No clear relationship could be shown between the size of the left atrium and the amplitude or 
duration of the P wave. 

Some relationship could be shown between the pulmonary artery pressure and right ventricular 
hypertrophy as shown by the unipolar chest leads. 


he author wishes to thank Dr. Maurice Campbell and Dr. Charles Baker for their help and encouragement in 
preparing this paper. 
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The features of the standard limb lead electrocardiogram in the tetralogy of Fallot were described 
by Baker et a/. (1949). In all except the earlier cases at Guy’s Hospital unipolar limb and chest 
leads have also been recorded. The purpose of this paper is to present their characteristics in 52 
cases in which the diagnosis was well established. In 15 cases the diagnosis has been confirmed by 
post-mortem examination: some of these and all the others were operated on by Mr. R. C. Brock 
with either a systemic-pulmonary anastomosis, a pulmonary valvulotomy, or an infundibular 
resection, and most were investigated by cardiac catheterization or angiocardiography before 
operation. 

The ages of the patients were 3-10 years in 32, 11-20 years in 18, 24 years in 1, and 34 years in the 
last. 

All the records were taken with the Sanborn visocardiette direct-writing electrocardiograph. 
In 38 cases the unipolar leads comprised aVR, aVL, aVF, and V1 to V6, while in the remaining 14 
aVL, aVF, VI, V3 and VS were recorded. In 7 cases leads were also taken to the right of V1. 

P Wave. As has already been noted by Baker er a/. (1949), tall pointed P waves are a striking 
feature in the standard leads, especially in lead II (Fig. 1). In these 52 cases PII varied from | mm. 
to 5mm. in height, with an inversion of 2 mm. in one case. In 35 per cent the height was of 2-5 mm. 
or more (Table 1). 


TABLE I 


THE HEIGHT OF P IN LEADs II and V1I—V3 IN 52 Cases OF FALLOT’S TETRALOGY 





Height (in mm.) 


0:5 l 1:5 2 2°5 3 4 5 
Number Il | 6 11 16 7 7 4 0 
of cases V1I-V3 4 5 13 12 5 11 | | 





The P waves were also more prominent than normal in the unipolar leads, especially from the 
right side of the chest. In V1 to V3, with the tallest P generally in V1, the height ranged from 0-5 
to 5mm. In 35 per cent the height was of 2-5 mm. or more (Table 1). 

In only 25 per cent was P most prominent in VI to V3, and in a further 25 per cent the height 
in VI to V3, was equal to that in II, whilst PII was most prominent in 42 per cent. In 8 per cent 
P ‘n lead I or aVL was taller than in the other leads. 

P-R Interval. \n no case was the P-R interval prolonged beyond normal limits. The range 
\.s from 0-12 to 0-18 sec., with an average of 0-15 sec. 

ORS Complex. The duration of the QRS complex was within normal limits, 0-05—0-08 sec., 
in all leads in 50 cases (96°,). In the remaining 2 cases the duration in V1 and one or more other 
193 
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Fic. 1.—A typical electrocardiogram in Fallot’s tetralogy, showing especially a tall pointed PII 
and a tall R in V1 (Case P067). 


leads was 0-10 sec. or 0-11 sec., suggesting incomplete bundle branch block, although in neither of 
these was an rsR’ pattern present (Fig. 2). There was no example of complete right bundle branch 
block. In one case there was an rsR’S’ complex in V1, but the duration was only 0-07 sec. 

V1 showed a slurred R or an rR complex (Fig. 3) in 23 cases (44°%%), and a qR in 8 (15%). Of the 
23 cases with a slurred R or an rR complex, only 3 were amongst the 15 deaths in the series, while 
all the 8 cases with a qR complex were amongst the deaths. 

In V6 a qR occurred in 20 cases (39°); in 2 a qR was present in all the chest leads from V1 to 
V6. 

Intrinsic Deflection. The intrinsic deflection was measured in 50 cases. In V1 the range of the 
times of the intrinsic deflection was between 0-01 and 0-07 sec., with the majority (68°%) 0:04-0:05 
(Table II); 94 per cent were delayed to 0-03 sec. or more. There were no cases suggesting complete 
right bundle branch block, the delay never being greater than 0-07, but in 20 (40°) it was between 
0-05 and 0-07 sec. 

In V6 the range was from 0-01 to 0-04, with 74 per cent less than 0-03 (Table II). 

A further indication of the degree of right ventricular hypertrophy is given by the difference 
between the intrinsic deflections of V1 and V6; in V6, 96 per cent were either less than (94°%) or equal 
to (2%) those in V1 (Table III). One of the two exceptions is shown in Fig. 4. 

Rand S Waves. In the standard leads right axis deviation was present in all but one case (98' ). 
As noted by Baker et a/. (1949), it was of such a degree that right ventricular preponderance was sug- 
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Fic. 2.—A case of Fallot’s tetralogy with infundibular stenosis in which 
QRS=0:11 sec. (Case 0263). 





Fic. 3.—Five examples of the slurred R in V1, which was present in 44 per cent of cases. 


TABLE II 
THE TIMES OF THE INTRINSIC DEFLECTION IN 50 CASES 





Intrinsic deflection (in sec.) 


0-01 0:02 0-03 0:04 0:05 0:06 0:07 





Number Vi | Fa 6 21 13 5 | 2 


10 3 - - |} - 
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Fic. 4.—An atypical case, in which there was an rS complex in V1 and the intrinsic deflection of V6 
was greater than that of VI. He was thought to have almost, if not quite, complete pulmonary 
atresia, but there was a pulmonary artery large enough for anastomosis with a successful 
result (Case 0447). 


TABLE III 
THE DIFFERENCE BETWEEN THE INTRINSIC DEFLECTIONS IN VI AND V6 IN 50 CASES 





1.D. in V6—I.D. in V1 (in sec.) 


—0-:05 —004 -—003 -—002 —0-01 0 +0-01 +002 +0-03 
Number 
of cases 2 8 11 16 10 I 0 l I 





gested by the standard leads alone. R was small and S deep in I, while in III, R was prominent 
and § absent in the majority (88°,,) and small in the rest. In the remaining case the main deflections 
were all negative, producing the S S §S pattern attributed by Goldberger and Schwartz (1945) to 
backward displacement of the apex in a vertical heart. 

In the unipolar limb leads, according to the criteria of Goldberger (1949), findings characteristic 
of a vertical heart were present in 49 cases (94°,,); in one the position was horizontal and in two inter- 
mediate. However, according to Wilson ef a/. (1944), the electrical position of the heart would have 
to be regarded as horizontal in 38 cases (73%), vertical in 7 (13%), and intermediate in 7 (13%) 
and this is more in accord with the anatomical positions as assessed radiologically by screening 

In aVL, rS complexes were present in 30 cases, QS in 13, and qrS in 7, with an R in one and Rs 
in one; thus the dominant deflection was an S wave in 50 cases (96%). 

In aVF, qR complexes were found in 21 cases, R alone in 12, Rs in 9, qRs in 6, RS in 2 and 
QS and rS in one case each; thus a dominant R was present in 48 cases (92°,). 

In aVR, which was recorded in 40 cases, the Q wave was less than 25 per cent of the R wave 
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TABLE IV 
THE SizE OF R AND S IN VI AND V6 IN 52 CASES 










































Size in mm. 
20 10-20 5-9 0-5-4 | 0 
7 Vi 22 19 Pe 7 —, ei ales 
S Vl I 3 6 15 27 
R V6 0 8 17 27 0 
V6 I 11 12 23 3 
TABLE V 


T WAVES IN STANDARD AND UNIPOLAR LIMB LEADS IN 52 CASES 
(aVR WAS RECORDED IN ONLY 39 CASES) 





Positive Negative Diphasic Isoelectric 
I 48 2 l I 
Il 50 I I 
III 31 17 4 
aVR 1 38 
aVL 37 12 1 2 
aVF 47 2 2 l 





in 21, while in 6 further cases it was 25-50 per cent of the R wave; thus in 68 per cent there was a 
gR pattern typical or suggestive of right ventricular hypertrophy. In the rest normal patterns were 
found, either Qr (15°%), QR where Q was 50-100 per cent of the R wave (15°) or QS (2%). 

In VI, R was generally tall and S absent or small. In 41 cases (78%) R was 10 mm. or more, 
while S was less than 5 mm. in 42 (81°%) and absent in 27 (52°%%) (Table IV). In 48 cases (92°,) R 
was larger than S in VI in the initial electrocardiogram (Fig. 1). In the other four cases further 
leads were taken to the right of V1 and in three R was greater than S in V3R; in a subsequent 
electrocardiogram of one of these cases the true right ventricular hypertrophy picture with R domi- 
nance was found only in V4R. Thus, altogether 51 cases (98%) showed a dominance of R over S, 
i.e. a reversal of the normal R/S ratio, in the right pectoral lead; the remaining case (Fig. 4) will be 
discussed later. 

In V6 there was relative prominence of S, which was 5 mm. or more in 24 cases (46°,), while 


ont R was less than 10 mm. in 45 (86%). S was greater than R in 46 per cent, equal to R in 12 per cent, 

- and smaller in 42 per cent. 

to R-ST Segment. In 18 cases (35°) there was R-ST displacement, but usually only of 0-5 mm. 
in the standard leads and | mm. or less in the precordial leads, and never more than 2 mm. in 

tic either. 

fer- T Wave. Inthestandard leads T was frequently inverted in lead III, but was normally upright in 

ave leads I and II. 

3°/) In the unipolar limb leads T was inverted in all but 2 of the 40 cases in which aVR was recorded. 


In «VL an upright T was more than 3 times as common as an inverted T, while in aVF T was upright 
Rs in 47 cases (90°) (Table V). 

In the precordial leads T wave inversion was usually present in only V1 or not at all, but in 5 
and Cases it extended to V2 or V3, in 2 cases to V4 (Fig. 4), and in one case (Fig. 5) across the whole 
chest to V6 (Table VI). 

ave L’ Wave. U waves were found in one or more standard or unipolar leads in 18 cases (35”,,), 
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TABLE. VI 
EXTENT OF T WAVE INVERSION IN PRACORDIAL LEADS IN 52 CASES 





To To To To | To 








Nil | VI | v2 | v3 | v4 | vs | v6 
Number of cases 14 30 2; 3 | 2 o/| 1 
TABLE VII 


THE SITE OF THE TRANSITION ZONE IN 52 CASES 








Beyond 
Site as a V1-2 Vv2-3 V3-4 | V4-5 |; V5-6 | V5 or V6 
Number of cases 17 7 3 6 | 4 15 





including 5 of the deaths. They were usually small and positive, but occasionally they were 
negative. 

Transition Zone. The degree of rotation was variable and the transition zone was found as 
often to the left as to the right of V3-4 (Table VII). Thus there was frequently moderate or marked 
clockwise rotation in the longitudinal axis. In one case where there was a transitional type of 
complex from V6 to V1, similar complexes occurred to the right of the chest as far as V6R, and only 
in V7R was a dominant R found (Fig. 6). 

Post-operative Electrocardiographic Changes. \n 33 cases records after as well as before opera- 





Fic. 5.—T wave inversion is present in all precordial leads from V1 to V6. Record taken before 
operation (Case 0203). 











F 

tion Vv 
chang 
case I 
afterv 
In 

VI be 
of T 
or pu 
result 
chang 
opera 





re 
AS 


of 


ly 


a 








THE ELECTROCARDIOGRAM IN THE TETRALOGY OF FALLOT 


Fic. 6.—A case of Fallot’s tetralogy with right ventricular hypertrophy confirmed post mortem in which 
V7R was the only chest lead with a dominant R (Case 0373). 


tion were studied; they were taken I-15 months after the operation. In 17 there was no significant 
change and in 3 only a slight change due to an alteration in the position of the heart; thus in one 
case in which the typical Rs pattern was found in V1 before operation, it was only present in V3R 
afterwards, and this was thought to be due to less marked clockwise rotation. 

In 9 cases there were T changes in the precordal leads. In 8 of these T was inverted only in 
V! before operations; in 6 of them T became inverted across to V4, while in the other 2 inversion 
of T occurred across V6. These T wave changes were found only after infundibular resection 
or pulmonary valvulotomy and were considered to be due to the unavoidable damage to muscle 
resulting from the use of the ventricular approach; in some there was recovery from the T wave 
changes in subsequent records. In the last case (Fig. 5) there was T inversion from V1 to V6 before 
Operation but only to V4 following it. 


TABLE VIII 


RELATIONSHIP BETWEEN THE WEIGHT OF THE HEART AND THE THICKNESS 
OF THE TWO VENTRICLES IN 7 CASES Post MORTEM, AND THE R/S 











RATIO IN VI 
, Thickness of 
Weight of | R/S ratio 
Case No. : heart R.V. i.¥. in VI 

(in grams) (mm.) (mm.) 
0047 ee 120 8 4 34/6 
P048 ee 90 Ei 5 17/1 
0246 sie — 15 12 2/2 
0224 09 270 12 10 10/0 
P023 me 100 8 7 34/0 
Bc. we — 9 8 19/10 
O187 - 220 9 10 16/0 
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In 4 cases only were there changes in the intrinsic deflections in V1 or V6, and these were sligitt. 
In 3 these were increased in V1 from 0-03 or 0-04 to 0-05, while in one that in V1 was reduced and 
that in V6 increased by 0-01 sec. 

Relationship between Electrocardiographic and Post-mortem Measurements. \n 7 of the 15 
deaths the relative thickness of the ventricles was measured and in all there was evidence of marked 
right ventricular hypertrophy, thus confirming the electrocardiographic picture. However, there 
was no correlation between the relative thickness of the two ventricles and the degree of the right 
ventricular hypertrophy in the electrocardiogram, as measured by either the height of the R wave 
or the R/S ratio in VI (Table VIII). Donzelot et a/. (1951) came to a similar conclusion after a study 
of 10 of their cases. 


DISCUSSION 


The criteria for an electrocardiographic diagnosis of right ventricular hypertrophy were described 
by Myers ef al. (1948), and these will be used primarily as a basis for discussion. In this series the 
electrocardiogram of Fallot’s tetralogy fulfilled the majority of these criteria in most cases. 

The reversal in the ratio of the amplitudes of R and S in the chest leads was a predominant feature, 
the changes occurring most frequently in VI where R was greater than S in 98 per cent. In the 
remaining case (Fig. 4) an unusual degree of rotation and backward tilting of the apex has resulted 
in an rS complex in V1. 

In V6, S was present in 90 per cent, but in only 46 per cent was it larger than R; in some cases 
the relatively tall R was thought to be due to the marked degree of clockwise rotation found in many 
cases of Fallot’s tetralogy, the dominant R usually present in V1 sometimes extending as far over 
to the left side as V6 or V7. 

Delay in the onset of the intrinsic deflection to 0-03 sec. or more was found in 94 per cent of cases. 
Sokolow and Lyon (1949), in 60 cases of right ventricular hypertrophy, found a delay to 0-04 sec. 
or more in 70 per cent. Donzelot et al. (1951) found a delay to 0-03 sec. or more in 84 per cent in 
Fallot’s tetralogy, and considered the differential index between the intrinsic deflections in V6 
and VI to be the most consistent evidence of right ventricular hypertrophy, for in all 100 cases 
in their series this figure was negative (98°%) or zero (2%), and this never occurred in normals or 
cases of left ventricular hypertrophy. The comparable figures in this series were 94 per cent (nega- 
tive) and 2 per cent (zero). In one case R/S in V1 was 1/19 but the delay in the intrinsic deflection 
in V1 was 0-04 and the differential index was negative (—0-03), thus affording evidence of right 
ventricular hypertrophy. 

Q in V1 was thought by Myers et al. (1948) to be commonly present in right ventricular hyper- 
trophy, but only a small proportion of their series were cases of Fallot’s tetralogy. Donzelot et al. 
(1951) found it in only 7 per cent in Fallot’s tetralogy, and Sodi-Pallares (1950) considered that the 
qR pattern in V1 is confined almost entirely to the right ventricular hypertrophy due to rheumatic 
heart disease and to chronic cor pulmonale. In this series a qR complex was present in 8 cases 
(15°%) and all 8 were among the 17 deaths (i.e. 47% of the deaths). This suggests that Q appears 
in VI in cases with a poor prognosis, and it seems that it might be related to the degree of right 
ventricular hypertrophy as well as to the degree of rotation; in 6 of the 8 the transition zone is beyond 
V4, indicating a marked degree of clockwise rotation, although in only 1 is the T wave inversion 
beyond V2. 

The explanation for the qR pattern in the right chest leads is still under discussion, but the associa- 
tion of the marked rotation with the appearance of the qR pattern in V1 is consistent with the theory 
advanced by Goldberger (1945) and Kossman et al. (1948), and supported by McGregor (195))), 
that the pattern of right ventricular hypertrophy is due to rotation of the heart with almost com- 
plete reversal of the electrical fields of the two ventricles in the thorax. One patient (Fig. 7) wo 
was at first rejected as a possible case of Fallot’s tetralogy on account of apparent left ventricu!ar 
preponderance, further illustrates this point. On purely clinical grounds the case was considered 
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THE ELECTROCARDIOGRAM IN THE TETRALOGY OF FALLOT 


Fic. 7.—Pulmonary stenosis, proved at operation, with misleading electrocardiographic picture 
suggesting left ventricular hypertrophy (Case O212). 


to have Fallot’s tetralogy but the picture of left ventricular hypertrophy in the electrocardiogram 
and on screening made the diagnosis of tricuspid atresia probable (Fig. 7). At operation, however 
there was evidence of severe pulmonary stenosis, associated with such a degree of counter-clock-wise 
rotation that the right ventricle and the pulmonary artery was so far over to the right that they 
could hardly be reached through the usual exposure (Case 22, Brock and Campbell, 1950). 

The tendency to inversion of the T wave in V1 and to an upright T wave in V6 was regarded by 
Myers et al. (1948) to be a further feature of right ventricular hypertrophy. Leatham (1950), in a 
normal series of adults, found T inversion in V1 in 19 per cent and an upright T in V2-V6 in all 
cases. Sokolow and Lyon (1949), in 60 cases of right ventricular hypertrophy, found T inversion 
in V1 in 43 per cent, extending to V2 in 10 per cent and to V3 in I5 per cent. In this series 
there was T inversion in V1 in 38 cases (73°), i.e. almost four times as frequently as in a normal 
series, and it extended beyond VI in 8 cases (15%). 

The extent of T wave inversion in the praecordial leads may be of value in differentiating Fallot’s 
tetralogy from severe pulmonary stenosis with a right-to-left inter-atrial shunt. In the latter deep 
inversion of T often extends far across the left side of the chest (Marquis, 1951); in the former 
this occurs only rarely, and in this series T was inverted across to V6 in only one case and to V4 in 
two others (6%). 

The duration of QRS in this series was within the normal range in 96 per cent; there was no case 
of complete right bundle branch block, while in 4 per cent the duration of QRS was prolonged to 
0-10-0-11 sec. due to incomplete right bundle branch block. In 40 per cent the delay of the intrinsic 
deflection in V1 to 0-05-0-07 sec. suggested the possibility of incomplete right bundle branch block, 
but the total duration of QRS was not prolonged beyond normal limits. Myers et a/. (1948) found 
incomplete right bundle branch block in 22-5 per cent and complete block in 7-5 per cent of their 
cases of right ventricular hypertrophy. Donzelot et al. (1951) excluded from their analysis of 100 
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cases of Fallot’s tetralogy all cases of right bundle branch block, but the incidence for the whole 
series was 5 per cent (complete) and 11 per cent (incomplete). Thus the incidence of right bundle 
branch block in this series was less than that described by other authors in comparable series. 

A prominent R in aVR is often found in right ventricular hypertrophy. Sokolow and L)on 
(1949) considered that an R in aVR of more than 5 mm. indicated right ventricular hypertrophy 
and found it in 30 percent. Paul ef a/. (1951), in an analysis of 101 cases of congenital heart disease 
found a high R in aVR in 9 of 15 cases with the tetralogy of Fallot (60%). A similar incidence 
(68°) was noted for the frequency of an aVR picture typical or suggestive or right ventricular hyper- 
trophy in this series. 

A prominent S in V6 was also common, S being 5 mm. or more in 46 per cent and greater than 
or equal to R in 58 per cent. However, in no case did the diagnosis of right ventricular hypertrophy 
depend solely on the prominence of R in aVR or of S in V6. 


SUMMARY AND CONCLUSIONS 


An analysis is presented of the electrocardiographic findings in 52 cases of the tetralogy of 
Fallot. 

Evidence of right ventricular hypertrophy was found in all, and this supported the similar 
findings by Sokolow and Edgar (1950) in 40 cases, and by Donzelot et a/. (1951) in 100 cases. 

The standard leads generally showed a very typical picture suggesting a high degree of right 
ventricular hypertrophy, but the most characteristic and consistent changes were found in the uni- 
polar precordial leads, especially V1. 

TABLE IX 


RELATIVE INCIDENCE OF Most CHARACTERISTIC ELECTROCARDIOGRAPHIC FINDINGS IN TWO 
COMPARABLE SERIES OF CASES OF THE TETRALOGY OF FALLOT 








Donzelot eft al. (1951) This series 
(percentage in 100 cases) (percentage in 52 cases) 
P wave changes ea wert 80 35 
Right axis deviation oe ae | 100 98 
Reversal of R/S ratio 90 98 
Delayed intrinsic deflection in vi 84 94 
Differential index (I. _ V6-V1 100 96 
Tall R inaVR | = 68 





The most consistent features corresponded closely with those reported by Donzelot et al. (1951) 
and were reversal of the R/S ratio, marked right axis deviation, delay of the intrinsic deflection in 
V1, and abnormality of the differential index between the intrinsic deflections of V1 and V6 (Table 
IX). 

Taking these changes in rather more detail, abnormally tall pointed P waves were found in 35 
per cent. 

Evidence of marked right axis deviation was present in both standard and unipoplar limb leads 
in 98 per cent. In aVR there was a prominent R, indicating right ventricular hypertrophy, in 68 
per cent. 

The duration of QRS was normal in 96 per cent. There were 2 cases of incomplete, but no case 
of complete right bundle branch block. 

The most consistent changes were found in the right chest lead, especially the reversal of the R/S 
ratio (98%) and the delay of the intrinsic deflection (94%), with an abnormal differential index 
between the intrinsic deflections of V6 and V1 (96%). S was prominent in the left chest leads, 
but changes in V6 were less striking than those in V1. 

A gR pattern in V1 was not common (15°), but it is suggested that it indicates a severe degree 
of right ventricular hypertrophy, possibly carrying with it an unfavourable prognosis. 
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inversion was present in VI in 73 per cent, but in only 6 per cent did it occur beyond V3. 
This contrasted with the deep T inversion often found far to the left in severe pulmonary stenosis 
without an overriding aorta. 

[here were no striking changes in the electrocardiograms, taken before and after operation, 
except for coronary T wave changes in cases in which the direct ventricular operative approach was 
used. 

Post-mortem examination confirmed the right ventricular hypertrophy without exception, but no 
measurable correlation was found between the relative thickness of the two ventricles and the 
degree of right ventricular hypertrophy in the electrocardiogram. 


| wish to express my gratitude to Dr. Maurice Campbell for allowing me to examine the records of his cases, and 
especially for his advice and encouragement. I should also like to thank Mr. F. H. Muir for his help in making 
available the many electrocardiograms. 
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EDITORIAL NOTE ON RIGHT VENTRICULAR HYPERTROPHY 


It has long been clear to me, and no doubt to many others, that extreme right axis deviation 
(large SI and RIII with insignificant RI and SIII) is common in many forms of pulmonary stenosis 
and other congenital heart diseases, much rarer in mitral stenosis (where a common finding is a small 
R in lead I and a larger R in leads II and III, the rRR type), and quite unusual in chronic pulmonary 
disease. The more detailed knowledge of right ventricular preponderance obtained with chest 
leads has not greatly changed this impression. 

The papers recently published in this journal by Goodwin (1952), Trounce (1952), and Woods 
(1952) have provided an opportunity to test this in more detail. None of these three included in 
their paper the actual size of the R and S waves in lead V1, to which, following Bain and Redfern 
(Brit. Heart J., 10, 9, (1948) I have paid particular attention. They have, however, kindly provided 
me with these figures and from them I have worked out average sizes and percentage distributions. 

When cases vary so much the average is little more than an abstraction, but it gives some useful 
picture before looking at the more accurate though more complex range of variation: Table I shows 
the results of these calculations and also includes the normal figures given by Leatham (Brit. Heart 
J., 12, 217, 1950), and figures for normals and for the right ventricular hypertrophy of pneumoco- 
niosis given by Thomas (Brit. Heart J., 10, 282, 1948). It will be seen that there is close agreement 
among these and that the normal, including children (but probably not infants), is an R wave of 
about 5 mm. or a little less and an S wave twice this size, 10 mm. 


TABLE I 


AVERAGE SIZE OF R AND S IN LEAD V1 





Right Ventricular Hypertrophy 


Normals 








Pulmonary Mitral Congenital Heart 
| Disease Stenosis Disease 
Leatham Goodwin Thomas Thomas Trounce Goodwin Woods 7 
(1950) , (1952) (1948) (1948) (1952) (1952) (1952) 
R (in mm.) 3-7 5:0 44 4-4 4-1 12-5 | 12-5 


S(in.mm.) | 10-0 10-0 12:0 13-3 4:7 4-0 | 2:0 





In pneumoconiosis, and this can probably be taken as representative of most chronic pulmonary 
diseases, there is little difference in spite of the gross right ventricular hypertrophy. In mitral 
stenosis the R wave has become no larger but the S wave has become smaller, so that the R/S ratio is 
not far from unity instead of less than a half. 

In the right ventricular hypertrophy of congenital heart disease there is close agreement between 
the figures of Goodwin and of Woods and the R wave has become much larger, 12-5 mm., and the S$ 
wave much smaller, 2-4 mm., so that the R/S ratio is over 4. 

The detailed figures of Goodwin, Trounce, and Woods, on which these conclusions are based, 
are given in Table III, and in a more convenient form as percentages in Table II, where the cases 
of right ventricular hypertrophy of Goodwin and of Woods have been combined. From this it will 
be seen that the R wave is fairly small in the normal and in mitral stenosis, being less than 10 mm. 
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TABLE II 
PERCENTAGE DISTRIBUTION OF SIZE OF R AND S IN LEAD VI 














Size of R and S in mm. 
































0 2 4 6 8 10 12,-| «14 | Over 

1 3 5 v 9 11 13 15 | 15 

Normal R 8 28 30 13 17 2 0 0 2 

(Goodwin) S 4 6 9 13 9 17 15 7 10 

Mitral stenosis R 25 31 18 11 3 3 6 3 0 

(Trounce) S 31 19 17 9 5 9 4 6 0 

Fallot’s tetralogy, etc. R 4 2 2 7 7 4 5 9 60 

(Goodwin and Woods) Ss 61 12 5 10 | 3 3 | 4 

TABLE III 
SIZE OF R AND S WAVES IN LEAD VI 
Size in mm. 

0; 1 2 3 4 5 6 7 8 9 10} 11. | 12 | 13 | 14] 15 |>15 
Normals (53) bad Bd BRAEMAR OBB ed Bo Od 
ssenieaes sfolz2/1/2/1{/4la/3fa4la|7| 2) 5| 3] s| 4] 5 
Fallot’s tetralogy, etc. (38) ad Sed im o Le 7 ta <2 J ae hd : ad Bud 3 * t | + @ 
(Goodwin) : lg lagai4 eigioaigis 1 010 Oo: 1 3|-@| 8): 2 
Fallot’s tetralogy (52)| | | 3) '}9 || 1/9) 3 |! | 2) 2/ 2] 0] 1) 4) 0] ® 
(Woods)... -- +--| § | 97/10; 2'3;01/0/3121/0/1 | 2| 0| 0| o| o| oj 2 
Mitral stenosis (65) Rg Med 12 - ind Cm i Re a dl - han a 2 Rind Rd / = 2 * 9 
(seenmen) ~ lg las] 5| si4i3i8i1!s i/o }3|4| 2| 3} o| 4] o| Oo 





in 96 and 88 per cent respectively, but in Fallot’s tetralogy R is 10 mm. or more in 78 per cent (and 
6 mm. or more in 92 per cent). 

The S wave is fairly large in normals being 4 mm. or more in 90 per cent and 8 mm. or more in 
68 per cent; on the other hand in mitral stenosis and in Fallot’s tetralogy the S wave is less than 
8 mm. in 76 and 88 per cent respectively. Thus mitral stenosis is in an intermediate position 
resembling the normal as regards the R wave and Fallot’s tetralogy as regards the S wave. 
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The description of familial cardiomegaly by Evans (1949) has thrown some light on the group of 
patients in whom cardiac enlargement, for which there appears to be no adequate clinical explanation, 
is the main physical finding. The purpose of this paper is to describe a family showing evidence of 
a cardiac abnormality affecting five of nine siblings and one of their children. When the first member 
of the family was seen and the history considered, familial cardiomegaly was regarded as the prob- 
able diagnosis. However, the results of post-mortem examinations on two sisters were traced and 
it seems that the condition, though related to this, includes some degree of subaortic stenosis. 


CASE REPORTS 


Case 1. Woman, aged 40 years. She complained of some shortness of breath for the last six years 
while going quickly upstairs or uphill but this had not become any worse. During the same period she had 
noticed palpitation which always started and stopped abruptly and lasted for only a few minutes. These 
attacks occurred two or three times a week and would often awaken her at night. There was no history of 
rheumatic fever or chorea. 

Her father, mother, four brothers and one sister were alive and well. Three sisters had died, all of them 
suddenly, and one was known to have had an enlarged heart. 

On examination. Average general condition, lean build. Pulse regular, 70 a minute. Blood pressure, 
125/65. Apex beat 9 cm. from midline. No thrills; a soft systolic murmur heard between apex and ster- 
num; heart sounds otherwise normal. Electrocardiogram (Fig. 1) early left ventricular hypertrophy, with 
frequent long periods of nodal rhythm (Fig. 3A), that were regular and at a rate slightly slower than sinus 
rhythm. Screening, general cardiac enlargement with a normal aortic knuckle (Fig. 5). Other systems 
normal. Blood count: red cells 4,130,000, Hb 10-6 g. (73%). Blood cholesterol normal. 

In view of these findings an effort was made to trace the medical history of each of the three dead sisters 
and the information obtained is as follows. 

Case 2. Woman, aged 38 years (died 1944). She had always been thought to be healthy but had attended 
her doctor for a few weeks before death for “‘ nervous debility ’’; a rapid pulse had been noted. She 
collapsed while out walking and died immediately. 

Necropsy. External appearance—general nourishment good, post mortem lividity intense. Pericardium 
normal, heart weight 340 g. (body weight 54 kg.) Marked relative dilatation of mitral valve; cusps of all 
valves normal. In left ventricle, on upper part of interventricular septum, behind the aortic cusp of the 
mitral valve, an area of fibrosis some 4 cm. square, with a raised ridge along its lower border. Left ven- 
tricle dilated and moderately hypertrophied. Left atrium and right ventricle dilated and hypertrophied. n 
microscopic examination, marked fibrosis of myocardium. Only other noteworthy findings, some bilate al 
bronchiectasis and a nodular colloid goitre. 

Conclusion: fibrosis of myocardium and subaortic stenosis. 

Case 3. Woman, aged 29 years (died 1943). For a week prior to death she had complained of some 
palpitation. She visited her mother on the afternoon of her death and seemed to be in good health. Her 
mother left her sitting in the kitchen while she went into the garden for a few minutes. When she came 
back her daughter was sitting in a chair unconscious; a doctor was called and found her to be dead. 
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Fic. 1.—Electrocardiogram from Case 1. Woman, aged 40 years. 
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Fic. 2.—Electrocardiogram from Case 5. Man, aged 27 years. 


Necropsy. Externally, body well nourished. Some fluid in pericardium, heart much enlarged (440g.), 
eft ventricle very much hypertrophied; aorta small. The recorded opinion of the police surgeon was 
leath from syncope due to aortic stenosis.’” Unfortunately there is no description of the nature or degree 
of the aortic stenosis. 

Case 4. Woman, aged 16 years (died 1931). She was thought to be healthy but had been ill with asthma 
and bronchitis for a few weeks before death. She was given an injection for her asthma and died suddenly 
te) or twenty minutes later. No post-mortem examination was made. The certified cause of death was 
(«) dilatation of heart, and (b) acute bronchitis and asthma. Her practitioner does not remember the patient 
and the nature of the injection is not known. 

Case 5. Man, aged 27 years. The fourth brother had always been fit and healthy and served in North 
A’rica in a tank recovery team. He had been on many battle courses and had never noticed anything un- 
u-ual. He now drives a lorry and helps to load and unload it. 
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Fic. 3.—(A) Electrocardiogram from Case 1, woman, aged 40 years. (B) from Case 5, man, aged 27 years. 
(C) from Case 6, boy, aged 3 years. All three tracings are standard lead II. 


FIG 


On examination. Good general condition. Pulse regular, 80 a minute. Blood pressure 120/70. 
Apex beat 12 cm. from mid line. Cardiac impulse forceful; no thrills. Systolic murmur heard between 
apex and sternum; heart sounds otherwise normal. Other systems normal. T 

The electrocardiogram (Fig. 2) showed a similar pattern to Fig. 1, with similar conduction defects in be 
(Fig. 3B). Nodal systoles of different types were seen (Fig. 4). Screening showed considerable cardiac 














enlargement with particular involvement of the left ventricle; the aortic knuckle was small (Fig. 6). ae 
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Fic. 4.—Electrocardiogram from Case 5, man, aged 27 years, showing varying nodal complexes. 
The remaining sister (aged 31 years) and three of the four brothers (aged 29, 38, and 49 years) 

showed no cardiac or other abnormality on examination. I 
Of the nine siblings, therefore (Fig. 7), two with cardiomegaly are alive (Cases | and 5) and three and 
thought to be healthy had died suddenly at comparatively early ages. Post-mortem examinations The; 
on two of these had shown a cardiac abnormality that had caused death. The parents are alive cardi 
and well but refuse to be examined; they are unrelated. The father (aged 71 years) was an in- ares. 
patient in another hospital in 1949 with ** acute gastritis; there is no record in his notes of any one 
cardiac abnormality; a barium meal examination was made but it is not known if the chest was det ai 
screened, and no chest film was taken. The mother is aged 73 years; her parents lived to a good I 
age (father 69 years, mother 85 years). Of the paternal grandparents, the mother was over :0 cord 


years old when she died, but the father died suddenly at the age of 38 years. 
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A FAMILIAL HEART DISEASE 


FiG. 5.—Teleradiogram from Case 1, woman, aged Fic. 6.—Teleradiogram from Case 5, man, aged 
40 years. 27 years. 


The generation now under study has had fourteen children, one (a male twin) was found dead 
in bed at the age of two months—certified cause ‘** convulsion due to congenital debility.” The 
other thirteen are alive, have been examined clinically, radiologically, and electrocardiographically. 
In only one child has any abnormality been found (Case 6). There was one grandchild who died at 
the age of three months following an operation for spina bifida; the heart was found to be normal 
post mortem. 


Case 6. Boy, aged 3 years. This boy is the third son of the first patient (Case 1) who says that often 
when she picks him up she notices that his heart is beating irregularly though not at a fast rate. 

On examination. Average general condition. Pulse regular. Heart was not enlarged clinically. 
Systolic murmurs between apex and sternum; heart sounds otherwise normal. Electrocardiograms, taken 
on several occasions, show intervals of nodal rhythm though the QRS complexes do not change in form 
(Fiz. 3 C). On screening, cardiovascular outline full sized but not outside normal limits. 


DISCUSSION 


The same inherited abnormality is believed to be present in each instance; the familial incidence 
and the history of sudden death at an early age from an unsuspected heart condition is suggestive. 
The affected members examined (Cases 1, 5, and 6) have clinical features in common. In the adults 
cardiac enlargement is the main finding; in all three there are similar murmurs heard in the same 
area, and the cardiograms show similar conduction defects. Of the two who came to necropsy, 
one had a degree of subaortic stenosis, while the findings in the other case were reported in less 
deiail and merely record aortic stenosis. 

The most acceptable explanation for subaortic stenosis is that amalgamation of the bulbus 
cordis into the ventricles has been arrested (Keith, 1924). The classical signs were recorded by 

thott (1936) as ** the absence of any systemic evidence of aortic obstruction in the presence of 
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distinctive physical signs in this area.””, The patients examined do not show these physical findings. 
The macroscopic appearance of the heart in Case 2 was described in detail and there is no doubt 
that the subaortic stenosis was partial, a short ridge being present and not acomplete ring. The 
signs of stenosis must vary with its degree and an incomplete stenosis would account for the relative 
absence of physical signs in these patients (Cases 1, 5, and 6). Equally it would explain why no 
cardiac abnormality had been suspected before death in the others affected. This reasoning holds 
for the recognition of valvular aortic stenosis, “* reliance on gross signs will allow a diagnosis in 
only a quarter of the cases to be found post mortem ” (Parkinson, 1949), and these difficulties were 
discussed and illustrated by Kiloh (1950). 

Yet the difference between classical subaortic stenosis as previously reported and the condition 
described here is not merely one of degree. The former resembles other congenital heart lesions in 
that a familial incidence is rare. Courter ef al. (1948) in a review found only 63 reports of a 
congenital heart condition affecting two or more members of a family. Again there is an obvious 
difference in prognosis: in classical subaortic stenosis ‘‘ the prognosis is excellent ’’ (Wood, 1950), 
‘it is a relatively benign lesion”’ (Brown, 1950). Grishman et al. (1947) and Young (1944), however, 
believe the prognosis to be rather poor; the chief risk is bacterial endocarditis although syncope 
and sudden death are recognized. 

In subaortic stenosis the usual cardiographic findings are of a sinus rhythm, left axis deviation 
and possibly evidence of left ventricular stress (Graybiel and White, 1947); the records illustrated 
here show these features. Arrhythmias, however, have not been recorded as common in classical 
subaortic stenosis though conduction defects occur with sufficient frequency in calcific aortic stenosis 
to be considered features of the disease (Friedberg, 1950). 

Again, in classical subaortic stenosis the heart size is normal or there is a little left ventricular 
enlargement. Young (1944) reported ten examples, all healthy young men between the ages of 
19 and 30 years with the classical signs but none showed clinical evidence of enlargement. It 
seems evident that in this family the heart size (particularly in Cases 1 and 5) could not be the result 
of obstruction to left ventricular outflow, and as there is no evidence of any other valvular or septal 
defect, the explanation must lie in the state of the myocardium. 

In familial cardiomegaly, myocardial fibrosis is the histological finding, the heart size may be 
considerable (over 1000 g.) and varies with the degree of fibrosis. There is only one sectior of 
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myocardium available for comparison (from Case 2) and it is not known from which part of the 
ventricle it was taken but the fibrosis shown is considerable. The condition reported here has a 
familial distribution which is more striking than the examples of familial cardiomegaly described 
by Evans (1949). In addition there are clinical features that are common to both. 

\rrhythmias of all types were recorded in familial cardiomegaly and indeed as might be expected 
from the state of the myocardium an irregular pulse was usual. These disturbances of rhythm were 
important in that death was caused by the onset of some type of tachycardia. It seems likely that 
the same is true of the condition described here. A rapid pulse had been noted in Case 2, Case 3 
had complained of palpitation for a week before death, and Case 4 died after an injection—which 
might well have been adrenalin—for her asthma. It is unlikely that minor obstruction to aortic 
filling as was present in Case 2 could interfere to any appreciable degree with the coronary circulation 
and so cause sudden death. 

When familial cardiomegaly was first described its hereditary nature was compared with that of 
Friedreich’s ataxia. Now it was already known that in this disease cardiac lesions were not un- 
common for electrocardiographic abnormalities had been described (Evans and Wright, 1942). 
Manning (1950) has now reported cases of Friedreich’s ataxia showing cardiac abnormalities 
pathologically similar to those described in familial cardiomegaly. Indeed, in one patient, cardiac 
failure was the presenting feature and the cause of death. It was suggested that these two conditions 
are related ztiologically in that while the heart or central nervous system may be involved singly, 
both may be affected. Friedreich’s ataxia is only one of a group of heredo-familial ataxias and if 
in these the nervous system can be involved in varying degree and with differences in detail, the 
heart when affected by the same agency might well show similar variation. What is rather surprising 
is that subaortic stenosis, though not very uncommon (Wood, 1950) and with a good expectation 
of life has not been recorded as a familial defect. 

In the heredo-familial ataxias, symptoms and signs are as a rule present before puberty. At 
what age can the cardiac manifestations be diagnosed with confidence or excluded with equal 
confidence? This practical difficulty is illustrated by Case 6; the history of arrhythmia and the 
systolic murmur would mean nothing but for the family history and the finding of an occasional 
conduction defect. The examination of adolescents is likely to prove conclusive, but negative 
findings under the age of five years (as were five of the children examined) or even under the age of 
ten years may not be of much value, as it is possible that others of the younger generation may 
be affected. The family tree (Fig. 7) shows that the condition which is transmitted as a dominant 
character is to some extent self limiting. The three who died of it had only one direct descen- 
dant, yet pregnancy has not caused cardiac embarrassment for the first patient has had three 
uneventful pregnancies and Case 3 had one. 

Unexplained cardiac enlargement in the young adult is not common but it is evident that close 
equiry into the family history might well be helpful. There are many reports (Norris and Pote, 
1946; Doane and Skversky, 1944; Whittle, 1929; Levy and von Glahn, 1937; Ware and Chapman, 
1947) that refer to cardiomegaly as the main finding in subjects who died suddenly or shortly after 
the onset of an unexplained congestive failure. These reports must include several different con- 
ditions but the family history is not usually recorded. As symptoms are commonly absent until 
this terminal phase, it may be helpful to examine the relatives of a patient with unexplained cardio- 
megaly who dies in this way. 

Treatment. The condition does not permit of cure and as for prevention we know too little 
about its inheritance to advise one way or the other. In the handling of the patients the psychological 
aspects were important and interesting. All the adults examined were aware of the high incidence 
of \eart disease in the family and the liability to sudden death as a result of it. Those who could be 
assured that they had a normal heart showed considerable relief but the attitude of the parents that 
they “* would rather not know anything about it’ was understandable. One felt sorry for Case 5 
Wl» was free of symptoms but the only advice given was that he should avoid undue effort (e.g. 
cy ling uphill). Quinidine has been given to Cases | and 5 in the hope that it would prevent any 
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fatal burst of tachycardia; although it appeared to make arrhythmias less frequent it was difficult 
to get the patients to take it regularly over a long period while they were free from symptoms. A 
penicillin cover will be provided for any dental treatment. 


SUMMARY 


A family with a high incidence of heart disease is described. This is thought to be as the result 
of a congenital defect and there is evidence that the same condition was present in all the affected 
members. 

The condition is compared and contrasted with subaortic stenosis and familial cardiomegaly. 

In patients with obscure cardiomegaly, examinations of the relatives may yield useful information. 


I wish to thank Dr. William Phillips and Professor J. Gough for their advice and encouragement and Miss C. 


Rumbelow for technical assistance. 
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4 common form of heart disease in the adult Bantu population that is served by this hospital is, we 
believe, based on chronic malnutrition. It forms a well defined clinical syndrome that has already 
been described in some detail (Gillanders, 1951). Briefly, patients with heart disease of this kind 
have a poor nutritional background and characteristically suffer from recurrent attacks of congestive 
failure. Radiologically, the heart is enlarged, in most instances grossly so, and its range of pulsa- 
tion is disproportionately small. The enlargement affects all chambers. Dynamically, the circula- 
tion is hypokinetic. In the presence of heart failure, the cardiac output is usually between | and 2 
litres a minute and the stroke volume is correspondingly small. A detailed study of the hemo- 
dynamics will be separately reported. 

In the first attack of congestive failure, clinical recovery accrues from a good general diet, but 
not from thiamin in the absence of such a diet. In proportion to the number of relapses, the heart 
size fails to revert to normal and recovery from failure becomes less perfect, until, eventually, the 
syndrome of congestive failure associated with massive enlargement of the heart and extreme 
cedema becomes refractory to all forms of treatment. Apart from the inevitably fatal outcome of 
this state, the convalescent patient whose progress is apparently favourable frequently dies 
unexpectedly and with remarkable suddenness. This may be an expression of the deranged and 
unstable metabolism that we know exists in these patients and is most readily studied in their 
carbohydrate utilization. There is no evidence of a genetic transmission of this disease. 

The following account of the pathological findings characteristic of nutritional heart disease is 
based on post-mortem examinations in twelve representative cases, whose salient clinical features 
are listed in Table I. At the time of death all had some degree of congestive failure. 


POST-MORTEM FINDINGS 


On external examination the patients appeared of good physique, without skeletal deformity 
or signs of specific nutrient deficiencies. Subcutaneous oedema of varying degree existed in all. 
The skin over the extremities was in most cases mildly hyperpigmented and hyperkeratotic. The 
corresponding histological changes were limited to a minor increase in melanin pigment and slight 
epithelial hyperkeratosis with or without fibrosis of the corium. No abnormal pigments were 
observed. 

Serous cavities. Ascites was invariable and fibrous adhesions were common around the liver 
and spleen. In one case the pleural cavities were normal, but in the rest they were either 
obliterated by cedematous fibrous tissue or contained small effusions. The pericardia contained 
25-100 ml. of serous fluid and were otherwise healthy. 

Heart. The heart was enlarged in every subject, all chambers being dilated and hypertrophied 
(Fig. 1). Both sides of the heart were equally involved in all but one case in which there was 
greater dilatation of the right side. The weight of the hearts and the percentage ratio to total body 
weight are listed in Table I. 
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Fic. 1.—The typical generalized dilatation and hyper- Fic. 2.—The left ventricle has been opened to demon- 
trophy of the heart found in these patients. Case strate mural thrombi adherent to the endocardium 
8 | over the septum and apex. Case 9. 


Ventricular thrombi adherent to the apical or inferior mural endocardium were found in five 
patients (Table 1); these were recent and confined to the interstices of the trabecule carnee. 
The underlying myocardium was not recognizably abnormal. In two cases, however (9 and 12), 
conspicuously larger thrombi measuring up to 4 cm. in diameter coexisted (Fig. 2); these were 
pale and firmly adherent to the trabecular and mural endocardium whence fibrous bands permeated 
the superficial layers of the myocardium underneath. Fibrosis of this kind was confined to the 
immediate neighbourhood of the endocavitory thrombi. Thrombi were also present in the atrial 
appendages in 7 of the 12 cases. 

No significant lesions were found in the valves or cusps. The coronary arteries were invariably 
patent. Ina few of the older patients minimal atheroma was observed, but in no instance did this 
significantly encroach on the lumen. Petechial hemorrhages were noted in the epicardial tissues 
in a quarter of the cases. In one patient (Case 3) there was a right-sided aortic arch with left- 
sided descent. 

On microscopic examination the myocardium showed hypertrophy of the muscle fibres which 
contained large irregular hyperchromatic nuclei, this change being more marked in the ven- 
tricles than in the atria. In several cases there was “ intra-cellular oedema,” especially in the 
subendocardial, region sometimes giving the muscle fibres a ‘* moth-eaten”’ appearance. No 
hydropic degeneration or loss of cross striation was observed. (The terms “ intra-cellular edema ” 
and * hydropic degeneration ”’ often appear to be used as if they were interchangeable. The former 
expression is used here to imply cedema of the muscle cell, revealed by considerable separation of 
the myofibrils; this is a non-specific change observed in many types of heart failure. The latter 
is confined to vacuolation of the muscle fibres with droplet formation, the vacuoles not reacting to 
stuins for fat and glycogen.) A moderate degree of interstitial edema was found in many cases. 
In nine hearts a fine, poorly staining interstitial fibrosis was noted in the ventricular myocardium 
(F 2. 3). This was patchy in distribution, frequently perivascular, and tended to be most obvious - 
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Fic. 3.—This section shows poorly formed cedematous Fic. 4.—Focus of myocardial fibrosis in left ventricle. 
collagen fibres extending between the muscle cells, Case 9. Masson: 
many of which have large hyperchromatic nuclei. 
H. and E.: x375. 


in the subendocardial region. Myocardial lesions were more advanced in four patients (Cases 2, 
6, 9, and 12) where areas of fibrous scarring measuring up to 2 sq. mm., associated with complete 
loss of muscle, were found (Fig. 4). Small foci of lymphocytes, polymorphs, and mononuclear 
cells were also observed diffusely infiltrating between the muscle fibres in Cases 2 and 11 (Fig. 5). 
In one patient only (Case 11) was fatty degeneration of the myocardium observed and that was of 
minor degree. 

In four of seven cases where the atria were examined in detail, minute areas of focal fibrosis 
were observed. This was usually of the fine interstitial type, but in two cases it was more pro- 
nounced (Fig. 6). 

The ventricular thrombi were organized to a varying degree. Some were recent and adhered 
to the endocardium in only a few areas where early invasion by young fibroblasts and capillaries 
was beginning (Fig. 7). The deeper parts of others were completely organized and showed 
foci of old hemorrhage and infiltration by lymphocytes, plasma, and mononuclear cells. These 
thrombi were firmly attached to the endocardium (Fig. 8). The underlying myocardium, however, 
was essentially normal except for the focal scarring and interstitial fibrosis referred to above. 
No evidence of myocardial infarction was found. In two (Cases 9 and 12) the changes in some 
thrombi were more advanced and had obscured their relationship to the endocardium. The 
thrombi showed dense fibrosis, with hyaline change in parts, and merged with the endocardium, 
whence thick bands of fibrosis penetrated the underlying myocardium. Between the fibrous 
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Fic. 5.—Small focus of interstitial lymphocytic and Fic. 6.—Area of fibrous scarring in right atrium. Case 


mononuclear cell infiltration in right ventricle. 10. H.and E.: 132. 
Case 2. H. and E.: P32. 


bands degenerated myocardial fibres were visible, some apparently derived from the trabecule 
carnee, others from the endocardial portion of the ventricular wall. The atrial thrombi showed 
a similar variation in the degree of organization. 

In no case was excessive hemofuchsin present nor could hemosiderin be demonstrated histo- 
logically. By Bests’ carmine stain glycogen was not excessive in the heart, including two samples 
of cardiac muscle obtained by special cannula immediately after death. No lesion was found in 
the region of the conducting bundle apart from “ intra-cellular cedema.”’ In no instance were 
Aschoff nodules or other evidence of rheumatic carditis discovered. 

Minimal fibrous hyperplasia of the intima was found in the main branches of the coronary 
arteries in several cases. This change was not more marked than in otherwise normal hearts 
which were used as controls. The smaller arteries and arterioles were completely normal. 

Femoral veins. \n three patients these veins contained ante-mortem thrombi. 

Lungs. The lungs of all patients were congested and oedematous. Five had pulmonary 
infarcts of varying age. In two of these, thrombi coexisted in the femoral veins and right atrium. 
Of ‘he remainder thrombi were found in the heart of two patients and femoral veins of one. Death 
was due to acute pulmonary embolism in Case 8. On microscopic examination varying degrees of 
passive venous congestion were observed and the presence of hemorrhagic infarction was confirmed. 
In iwo cases healed tubercles were found in the apices of the lungs and hilar lymph glands. No 
evidence of bronchiectasis, emphysema, schistosomiasis, or primary pulmonary vascular disease 
was found in any patient. 
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Fic. 7.—Section of recent mural thrombus in ventricle Fic. 8.—Section of organized endocardial thrombus. Fic. 9.— 
showing early organization. Case 9. H. and E.: No significant lesion is present in the underlying ven¢ 
66. myocardium. This photograph demonstrates the obse 
position of the thrombus between the interstices of in th 

the trabecule carnee. Case 9. H.and E.: » 66. in th 
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Liver. The liver was invariably congested and had a nutmeg appearance in those patients death 
who had been in failure for a long time. In seven cases the cut surface had a brown colour and Su 
gave a positive Prussian blue reaction. Microscopically, there was passive congestion and disten- firmec 
sion of the sinusoids in the centre of the lobules associated in some cases with atrophy of the surround- stitial 
ing liver cells and slight fibrosis. In addition there was histological evidence of primary liver disease Ki 


in all patients but one. The portal tracts showed varying degress of fibrosis, with lymphocytic, glome 
mononuclear, and plasma cell infiltration. These changes had advanced to a well developed slight 
multilobular cirrhosis in Case 3. In seven of the eight male and in one female case there were there 
hemosiderin deposits in the parenchymal cells, Kupffer cells, and portal tracts (Fig. 9). There 


: 2 , In fou 
was no apparent correlation between the amount of pigment and the degree of portal fibrosis. sarees 
Fatty change in the peripheral cells of the lobules was usually absent and when present was Ge 
minimal. Pre 

: ‘ ; F ee sidero 

Spleen. The spleen showed passive venous congestion on gross and microscopic examination. positi 

In those cases with hemosiderosis of the liver it had a rusty brown colour and heavy hemosiderin age 
deposits were noted in the pulp and occasionally on the fibrous trabecule. In Case 4 there was a mont 
thrombus in the splenic artery with infarction of the whole organ. al ; 


Pancreas. No significant pathological lesions were observed on sections of the pancreas, hut in 


a slight interstitial fibrosis was sometimes present and scanty iron deposits were noted in two cases shewe 
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Fic. 9.—Section of liver showing centrilobular passive FiG. 10.—Section of jejunum showing very heavy 
venous congestion. Hzmosiderin deposits may be hemosiderin deposits in the mucosal villi. 
observed in the portal tracts. They are also present Case 6. H.and E.: x 132. 


in the parenchymal cells but cannot be distinguished 
in this photograph.. Case 6. H.and E.: x66. 


with severe generalized hemosiderosis. In all cases the necropsy was performed too long after 
death for satisfactory examination of the islet cells. 

Suprarenals. These glands were of normal size and showed no abnormality. This was con- 
firmed on section, and in only one case was a slight amount of iron pigment observed in the inter- 
stilial tissues. The quantity of lipoids stained by Sudan IV appeared within normal limits. 

Kidneys. In all cases the kidneys were congested. On section no lesions were observed in the 
glomeruli or vessels diagnostic of renal or hypertensive disease, but in some of the older patients 
slight intimal fibrous hyperplasia was observed in the large and medium sized arteries. In Case 7 
there was a hydatid cyst which had a thick fibrous wall and contained several daughter cysts. 
In four cases there were thrombi in branches of the renal arteries with resultant infarction of the 
corresponding tissues. The rest of the genito-urinary tract showed no abnormality. 

Gastro-intestinal tract. The stomach in all cases appeared normal. In the severely hemo- 
sidcrotic cases the duodenal and jejunal mucosa was of a rusty brown colour and gave a strongly 
positive Prussian blue reaction. This reaction was less intense in the lower portion of the jejunum 
anc was absent in the ileum and large bowel. On microscopic section of the jejunum numerous 
iron-laden macrophages could be detected in the substantia propia of the villi (Fig. 10). The 
sal vary glands when examined showed no abnormality. 

n the hemosiderotic cases the retro-peritoneal lymph nodes had a rusty brown colour and 
shc wed massivé hemosiderin deposits on section. 
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Brain and spinal cord. In two cases (9 and 10) infarction of the cerebral cortex was observed. 
These lesions were the result of peripheral emboli, and no primary lesions were found in the cere bral 
vessels. In Case 6 a few scattered pericapillary hemorrhages were present in the cortex, but as 
no other changes were found apart from severe congestion, these were interpreted as terminal 
congestive phenomena. The organ in the remaining cases showed only moderate congestion. 

No specific pathological lesions were found in the thyroid, pituitary, or testes. 

Summary. All cases showed clinical and pathological evidence of heart failure. Post moriem, 
the heart was dilated and hypertrophied, but marked myocardial changes were absent, excepi in 
four cases where some focal fibrous scarring was present. Mural thrombi and peripheral emboli 
were associated findings. In eight cases generalized hemosiderin deposits were present. 


DISCUSSION OF POSSIBLE CAUSES THAT ARE EXCLUDED 


All these patients had some degree of cardiac failure when they died, but neither the clinical 
nor pathological findings permitted their inclusion in one of the established groups of heart disease. 
In making a diagnosis in an anatomical sense the necropsy material was critically examined for 
all lesions thought to be capable of causing heart failure. The salient facts concerning the most 
relevant will now be discussed. 

Coronary artery disease. In most cases no significant lesion was found in the coronary arteries, 
but in a minority there was minimal hyperplasia of the intima that did not encroach on the lumen. 
Thrombosis, severe atheroma, and arteriosclerosis were absent, and cannot therefore have caused 
this heart failure. Coronary artery disease is excessively rare in the Bantu, and Becker (1945) was 
able to report only one case of myocardial infarction in a pure Bantu in over three thousand con- 
secutive necropsies on Coloured and Bantu subjects. We ourselves have seen only two cases of 
coronary thrombosis in over three hundred necropsies in Bantu patients dying of cardiovascular 
disease, and the clinical diagnosis of ischemic heart disease was only tenable in two others. The 
mural thrombi that we have described were superficial and not secondary to underlying myocardial 
necrosis. 

Renal disease and essential hypertension. As stated previously (Gillanders, 1951) a raised 
arterial blood pressure was not unusual when the patient was in congestive failure but returned 
to normal level with clinical improvement. In no case were significant histological renal lesions 
observed. In the older patients minimal vascular changes were found, which were not diagnostic 
of former hypertension but were consistent with increasing age. Bell (1950) found similar lesions 
in 90 per cent of kidneys of patients with normal blood pressure dying in the fifth decade. Nor 
do we regard the hydatid cyst from Case 7 important in this respect, as the patient was not hyper- 
tensive in life. Classical concentric hypertrophy of the left ventricle was never observed. Although 
hypertrophy of the right ventricle occurs in prolonged left ventricular failure, in our series dilatation 
and hypertrophy of this ventricle appeared to occur concomitantly with that of the left. This was 
so by both clinical and pathological criteria. 

Rheumatic carditis and other valvular diseases. No evidence of rheumatic carditis or other 
valvular lesions was found by gross and microscopic examination. 

Chronic lung disease. The morbid anatomical appearance of the heart was not that of cor 
pulmonale. Apart from the minor healed tuberculous lesions observed, no other evidence of 
primary lung disease was found. There was no sternal depression nor other thoracic deformity. 
The pulmonary vascular system was intact and evidence of schistosomiasis was absent. 

Syphilis. The serological tests for syphilis were negative and no sign of this disease was 
found either clinically or at necropsy. 

Glycogen storage disease. Most patients showed abnormalities of carbohydrate metabolism 
reminiscent of Von Gierke’s disease (Gillanders, 1951). In no case, however, did the histological 
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fincings simulate this disease and abnormal glycogen storage was absent from heart muscle and 
liver cells. Further excessive glycogen storage is essentially a disease of infancy or childhood. 

inemia, polycythemia, thyrotoxicosis, amyloidosis, and congenital defects were never found, nor 
other evidence of upper respiratory or other undetermined viral, bacterial, or protozoal infection. 

amosiderosis and hemochromatosis. Sheldon (1935) reported that, where the heart had been 
examined, 90 per cent of cases of classical hemochromatosis showed hamosiderin in the myo- 
cardium and an excess of hemofuchsin as well. Further, although only rare cases of heart failure 
attributed to hemochromatosis have been described, iron deposits in these hearts were considerable 
(Horns, 1949; Griffin et al., 1950). In none of our cases was iron demonstrable in the myocardium 
and the quantity of hemofuchsin was normal, although there were massive deposits of hemosiderin 
in the abdominal organs of seven patients. 

Generalized hemosiderosis may be classified as idiopathic, nutritional, hemolytic or due 
to excessive parenteral administration of iron (Finch ef a/., 1950). The hemosiderosis of the 
South African Bantu is believed to be of the nutritional type (Gillman ef a/., 1945). It has 
been shown experimentally in rats that an unbalanced diet of maize grits and excessive ferrous 
citrate is followed by iron deposits in the tissues (Kinney et a/., 1949). That diet may also be 
responsible for excessive iron deposition in man is suggested by reports of hemochromatosis 
occurring in malnourished German prisoners of war from Russia (Kalk, 1950). Walker and 
Arvidsson (1950) have shown that considerable iron is available in the diet of the Johannesburg 
Bantu. In 100 consecutive liver biopsies from patients at this hospital (56 male and 44 female) 
with the stigmata of chronic malnutrition, 77 per cent of males and 41 per cent of females showed 
varying degrees of hemosiderosis; in 44 cases of this type of heart failure the proportions were 
similar. Accordingly we do not believe that hemosiderosis is per se the cause of heart failure in 
these patients. 

Isolated myocarditis. It is unlikely that the disease referred to as Fiedler’s or isolated myo- 
carditis is a specific entity, as the reported clinical and pathological findings vary greatly. Cellular 
infiltration and necrosis of the myocardium have been emphasized by several authors (Karsner, 
1942: Saphir, 1942). Others have described fibrous scarring of the myocardium with little or no 
cellular infiltration (Smith and Furth, 1943; Biggart, 1950). Smith and Furth discuss the papers 
on this subject and suggest that the cases described by them are based on a nutritional deficiency. 
In reported cases of isolated myocarditis, all gradations in the histological picture are described, 
even in the one heart, from severe muscle necrosis and cellular infiltration to slight fibrosis. In our 
patients, however, we found significant scarring in only four cases and minor cellular infiltration 
intwo. In the remainder muscle necrosis and scarring were not a feature and fibrosis was of a fine 
interstitial type. 

Biggart (1950) believes that the primary lesion in isolated myocarditis is muscle necrosis, the 
products of degeneration giving rise to the infiltrate. If this is true, it is possible that when muscle 
changes are not severe and there is no myocardial degeneration, cellular infiltration may be absent. 
Unfortunately we are often unable to demonstrate myocardial damage by histological methods in 
heart disease of other etiology even where such damage must exist by accepted standards. We 
see, however, no advantage in applying either of the terms isolated myocarditis or idiopathic 
cardiac hypertrophy (Levy and Glahn, 1944), although the present series have some pathological 
features in common with many cases reported as such. 

Beri-beri heart disease. The view prevails that thiamin deficiency may be the cause of cardio- 
vascular dysfunction in man, and cases where this is proven to be so may accurately be referred to 
as examples of beri-beri heart disease. But on examination of the reported cases the clinical 
fectures are clearly variable, as is also the therapeutic response to thiamin (Wenckebach, 1928; 
Weiss and Wilkins, 1936 and 1937; Kuo, 1939; Dock, 1940; Smith and Furth, 1943; Blankenhorn, 
1945; and Alleman and Stollerman, 1948). 

The pathology of beri-beri heart disease has been discussed by Aalsmeer and Wenckebach (1929), 
W -nckebach (1934), Vedder (1938), Weiss (1940), and several of the above authors. The earlier 
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authors stressed the degree of right ventricular failure and the dominant dilatation of the right 
heart; histologically their emphasis was on hydropic degeneration of the myocardium. Weiss 
and Wilkins (1937) found both right and left heart failure in their cases; they further remaiked 
that hydropic degeneration and intra-cellular cedema of the myocardium were not histological 
findings specific to beri-beri but may be found in heart failure from other causes. This also has 
been our experience. That myocardial hypertrophy may occur in beri-beri heart disease has been 
stated by Weiss (1940). 

The experimental results of thiamin deficiency in animals are varied, and Wintrobe (1\45) 
stated that the cardiac pathology induced in pigs does not correspond to that described in man. 
Nor apparently does the human lesion correspond to that described in other animals (Ashburn and 
Lowry, 1944; Pecora et al., 1950). It is of interest that Follis (1942) was able to prevent the 
myocardial necrosis caused by a potassium deficiency in rats, by a diet with a low thiamin content. 

It is obvious, therefore, that the exact nature of *‘ beri-beri ’’ heart disease in man is obscure, 
some authors describing a clear-cut clinical picture with a good response to thiamin, others using 
wider diagnostic criteria and reporting no therapeutic effect of thiamin. Nor are morbid anatomi- 
cal findings any more specific. 


DISCUSSION OF CHRONIC MALNUTRITION AS THE CAUSE 


It has been established that the etiological background in this form of heart disease is chronic 
malnutrition (Gillanders, 1951). The post-mortem findings are in accord with this conclusion. 

The natural diet of these patients is qualitatively inadequate: it is lacking in animal protein and 
is unbalanced in amino acids, and its carbohydrate content is disproportionately large and con- 
tributes the greatest part of its calorific value. The imperfection of the diet is not reducible to a 
single nutrient, nor have we been able to establish that deficiency of any single food factor is the 
cause of this syndrome. Clinically all patients had parenchymal liver disease by existing criteria. 
Histological liver damage was lacking in only one of the present series and in only 5 of the 44 
cases examined by liver biopsy and referred to previously: these liver changes were of a type 
believed by Gillman and Gillman (1951) to be a result of chronic malnutrition. We do not, how- 
ever, believe that current histological methods adequately reflect physiological dysfunction. 
Moreover, even where clinical recovery from heart failure is complete, hepatic dysfunction persists 
and biopsy reveals no histological retrogression in the primary liver disease. The part, however, 
played by the liver in the metabolism of the heart and its role in the genesis of this syndrome is 
problematical. 

Although the lesions of chronic malnutrition and dietetic deficiency have been extensively 
studied in the liver, little is known about their effects on the cardiovascular system with the exception 
of thiamin and potassium lack in animals. Acute and subacute starvation are known, however, 
to cause atrophy of the myocardium in common with other organs. We conclude that z2tiological 
malnutrition, in so far as the heart and circulation are concerned, must be of long duration 
(Gillanders, 1951). We also believe that although subnutrition is a dominant etiological influence 
other (perhaps positive) environmental circumstances may contribute to the end result. 

In some patients, apart from hypertrophy the pathological changes in the myocardium were 
slight and non-specific. The fine interstitial fibrosis observed was of a patchy distribution, and 
possibly the result of interstitial edema and chronic heart failure. In the four patients, however, 
where scarring was more obvious, the histological features were those of focal muscle necrosis 
and degeneration with replacement fibrosis. In Cases 9 and 12 the myocardial fibrosis in the 
region of the thrombi was interpreted as secondary to organization of the thrombi and not their 
cause. The severe and widespread sub-endocardial fibrosis in non-hypertrophied hearts described 
by Davies (1948) in patients from Central Africa was never observed. 

Although the primary stimulus to cardiac hypertrophy is unknown, the association of hyj er- 
trophy with other changes in the heart are sufficiently constant to imply a causal relations!.ip. 
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Jt has been demonstrated experimentally by Eyster (1928) that hypertrophy follows cardiac 
dilatation, and Harrison and Wood (1949) have shown that cardiac hypertrophy in ischemic 
heart disease is a function of the duration of congestive failure. Both these hypotheses may be the 
expression of a single cause. In our patients we incline to the view that cardiac hypertrophy is a 
reflection of chronic heart failure. The difficulty, however, in obtaining from these patients accurate 
records of the duration of symptoms precludes us from attempting to correlate these with the heart 
weight. 

[he origin of the mural thrombi is obscure and we are not entirely satisfied that present-day 
concepts adequately explain their formation. It may be that changes in the blood flow with conse- 
quent eddying may be largely responsible. 

It is clear that while as yet no specific histological lesions can be ascribed to this syndrome, a 
characteristic pattern is observed post mortem. The pathological diagnosis should be considered 
in this country in those cases where there is evidence of congestive failure in association with cardiac 
enlargement, visceral infarction, and liver damage, but without the commonly accepted causes of 
cardiac failure. 


SUMMARY 


The urbanized South African Bantu suffers from a form of heart disease that we believe is based 
on chronic malnutrition. 

The pathological features in a representative group of 12 fatal cases of this kind are described. 
Although no specific histological lesions were found a distinctive pathological pattern was recog- 
nizable. In all cases the hearts were dilated and hypertrophied. Other myocardial lesions were 
inconspicuous, except that in four cases minute foci of fibrous scarring were found. Endocardial 
mural thrombi were observed in approximately half the patients and peripheral emboli were equally 
frequent. In all cases but one primary liver injury was demonstrated histologically and in two- 
thirds hemosiderin deposits were widespread. 

The morbid anatomical findings are discussed with reference to the etiological diagnosis. 


We are indebted to Mr. F. A. Brandt of the South African Institute for Medical Research for the photographs in 
this paper, and to those house-physicians who assisted in the collection of clinical data. 
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[he application of cardiac catheterization to the study of the human circulation (Forssmann, 
1929; Cournand and Ranges, 1941) provided a new technique for obtaining information about the 
pulmonary circulation and also for the study of the physiological effects of congenital heart disease 
(Bing et al., 1947a; Dexter et al., 19476; Cournand et al., 1949). Extensive studies have been 
made in which the pulmonary circulation in congenital heart disease has been investigated and 
in particular the pulmonary blood flow and peripheral resistance have been evaluated (for instance 
Bing et al., 1947b.; Handelsman et al., 1948; Hickam, 1949; Wood, 1950). It has long been 
known, however, for the systemic circulation that the elasticity of the arterial walls in relation to 
their Windkessel (pressure reservoir) function is of great importance as well as the peripheral resis- 
tance (Frank, 1899 and 1926; Broemser and Ranke, 1930; Wezler and Béger, 1939). Cournand 
(1947) has recently pointed out that the same consideration applies to the pulmonary circulation 
but so far no quantitative estimations of the “ elasticity resistance ” in the pulmonary circulation 
have been presented. 

Cardiac catheterization used for the investigation of congenital heart disease yields data that may 
be used for the study of the systemic circulation as well as the pulmonary, so that it is possible to 
compare the effect of the cardiac abnormality on the two circulations although hitherto attention 
has usually been concentrated on the pulmonary circulation. 

Formulae that give mathematical expression to the arterial Windkesse/l function are available 
and some are applicable to the data obtained by catheterization studies in normal subjects or in 
those with many forms of acquired or congenital heart disease. These or other formulae applied 
to the analysis of the changes occurring in the two circulations are capable of yielding valuable 
results enabling these changes to be studied with greater precision. From cardiac catheterization 
Studies made in patients with suspected or proven congenital heart disease we have been able to 
make such an analysis in a variety of conditions and have confirmed the importance of the elasticity 
resistance in the pulmonary arterial system and of the interrelationship of the various components 
that determine the arterial blood pressure. 


METHODS 


The data used have been obtained by the catheterization technique described by Holling and Zak 
(1950). Resting oxygen consumptions have been measured in a Benedict spirometer on the fasting patients 
immediately before catheterization; blood samples have normally been taken from each of the superior 
Vena cava, inferior vena cava, right atrium, right ventricle, and pulmonary artery, from other chambers or 
vessels if entered and from a systemic artery by puncture; blood oxygen contents have been estimated by 
the Haldane apparatus (Douglas and Priestley, 1948). Blood pressure records were obtained by a modified 


: R. K. was working in the Cardiac Dept., Guy’s Hospital, with a British Council Fellowship for German University 
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Hamilton manometer (Hamilton et al., 1934) or by the Southern Instruments blood pressure recorder * 
using a Kelvin-Hughes pen recorder, both instruments having a resonant frequency of over 15 c.p.s. witha 
No. 8 cardiac catheter attached. Zero pressure levels have been taken approximating to the paticnt’s 
mid-axillary line. Patients, if not anesthetized, were sedated with phenobarbitone, grains 1-2 according to 
age and size. Anesthesia, when used, was induced by rectal thiopentone supplemented by intravenous 
thiopentone if required, care being taken as far as possible to avoid undue fluctuations in the patient’s 
condition. 

The blood flows were calculated according to the Fick principle. Whenever possible the pulmonary 
arterial oxygen content has been used for mixed venous blood, but where left to right shunts were present 
samples proximal to the site of the shunt have had to be used. Where normal, the systemic arterial oxygen 
saturation has been substituted for the pulmonary venous oxygen saturation in calculating the pulmonary 
flow; where reduced on account of a right to left shunt a value of 96 per cent has been assumed for the pul- 
monary venous oxygen saturation. Where it was reduced and a pulmonary factor was suspected the arterial 
oxygen saturation while breathing oxygen has been determined; if this was then found to be normal the 
resting arterial oxygen saturation has been substituted for the pulmonary venous saturation. 

All patients submitted to cardiac catheterization in whom pressures were measured by the Hamilton or 
S.I. manometer were considered, but strict criteria were applied in the selection of patients for analysis. 
The majority were necessarily rejected as unsuitable on various grounds; thus, all patients with unknown, 
possibly raised pulmonary venous pressure, those with shunts into the pulmonary artery or with suspected 
pulmonary regurgitation (for reasons given later), all patients in whom the pulmonary artery was not entered 
so that no pressure record was obtained, and all those in whom the record obtained was not sufficiently 
clear to indicate the incisura marking the division between systole and diastole (mostly those with pulmonary 
stenosis) and all patients where for any reason the results seemed doubtful or unreliable have been excluded. 
Finally, 24 patients were selected as suitable for study. 

The following symbols have been used to define the various characteristics of the pulmonary or systemic 
circulations, co-existing in time, as obtained from the pressure curves and cardiac output data: 


ps = Systolic blood pressure in mm. Hg. 

pda = Diastolic blood pressure in mm. Hg. 

Py» = Pulse pressure (=p;—pa) in mm. Hg. 

Pm = Integrated mean pressure in mm. Hg. 

Vim = Minute volume of pulmonary or systemic blood flow in cm.3/min. 

W = Peripheral flow resistance in dynes. sec./cm.°> 

E’ = Effective volume elasticity coefficient of the arterial system (=“‘ elasticity resistance *’) in dynes./ 
cm.> 
The quotient E’/W, which is without dimensions. 

S, D, and S+ D = The systolic, diastolic, and total pulse times respectively in o (= 10-3 sec.). 


In obtaining the data from the pressure curves the mean values obtained throughout a respiratory cycle 
have been used. The systemic arterial blood pressures were measured by a sphygmomanometer in the earlier 
investigations and by arterial puncture (brachial or femoral) in all the later. 

Applying Poisseuille’s law (analogous to Ohm’s law and the basis of the so-called Aperia’s formula) to 
the circulatory conditions in the pulmonary and systemic circuits, the total flow resistance is given by the 
equation, 

W=(Pm—Pv)/C Se a a ee er ee ee | 
where p,, is the mean arterial pressure, p, the mean venous pressure in dynes./cm.?, and c the mean blood flow 
per second (V,,,/60) in cm.3/sec. In the systemic circulation, in normal conditions, the mean venous pressure 
does not exceed about 3-6 mm. Hg so that compared with the magnitude of the arterial pressure it may be 
neglected (Wezler and Boger, 1939) and p,, may be substituted for (p,,—pv) in the above equation. Where 
the mean venous pressure exceeds 6 mm. Hg this approximation is not permissible and in some of our c:ses 
it has been necessary on this account to use the right ventricular diastolic pressure as a measure of the mean 
venous pressure, as pressures in the systemic veins have not been recorded. For the pulmonary circulaton, 
in some cases of atrial septal defect or anomalous pulmonary venous drainage it is possible to make direct 
measurements of the mean venous pressure (Cournand et al., 1947; Hickam, 1949), and in others the «ias- 
tolic pressure in the left atrium can be determined or the right atrial diastolic pressure may be substitute! as 


* An instrument operating on the electrical capacitance change principle manufactured by Southern In:tru- 
ments, Ltd., Camberley, Surrey. 
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an approximation; where, however, there is no such abnormality it is necessary to assume that the mean pul- 
monary venous pressure approximates to zero. In the presence of any condition, notably mitral stenosis, 
where the pulmonary venous pressure may be abnormally high such an approximation is not of course 
permissible. 

lhe term W is expressed in absolute units in dynes. seconds/cm.5, and represents the total effective resis- 
tance of the small arteries, arterioles, and capillaries. To obtain W in these units it is necessary to 
multiply the pressures measured in mm. Hg by the factor 1332 (representing the product of the sp. gr. of 
mercury and the acceleration due to gravity). 

The mean pulmonary arterial blood pressure has been determined by integration of the pulse curve, as 
has been done by Cournand and his co-workers (Riley et a/., 1948) and by Hickam (1949). The basis of this 
method is illustrated in Fig. 1, and is that described by Wezler and Boger (1939), who used it to analyse 
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Fic. 1.—Diagram illustrating the method used for obtaining the mean 
arterial blood pressure by integration of the pulse curve. For full 
explanation see text. 


systemic arterial pulse curves. The area of the pulse curve is measured by planimetry and the value so 
obtained is divided by the length S+ D to gain the value Ap, the height of the shaded rectangle the area of 
which represents the area measured. The mean pressure of the pulse curve is then obtained from the relation 
hp (ps—pa)/H, where H is the height of the pulse curve and (p;—pa) is the pulse pressure (i.e. the ampli- 
tude of the pulse curve in mm. Hg). The mean blood pressure in mm. Hg is the sum of this value and the 
diastolic pressure. 

"he quotient /Ap/H gives the fraction of the pulse pressure that equals the mean pressure of the pulse 
cure. From values obtained by the above method in a series of pulse tracings we have found this quotient 
for ‘he pulmonary arterial pulse curves to have a value of 0-398 with a standard deviation -+-0-08 (or ex- 
pressed as a percentage about 40% +8%). It will be seen that the coefficient of variation is rather high so 
it i, clearly preferable, for the pulmonary artery, to perform planimetry in each case rather than to use this 
vai.ie to calculate the mean pressure from the pulse pressure. 
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In many of our cases systemic arterial pulse curves were not available and in them the mean systemic 
pressures have been calculated from the sphygmomanometric figures, using the value of 42 per cent fo: the 
above quotient as found by Wezler and Béger (1939) from a large series of subclavian arterial pulse curves, 
Otto Frank (1899) and Wezler (1938) in their theory of blood pressure, derived from consideration of 
a Windkessel model, have given an equation, applicable to steady conditions, relating the diastolic pres- 
sure to the various components determining it. These components are the mean blood flow per second 
(c), the effective volume elasticity coefficient (E’) of the arterial system, the peripheral flow resistance (W) 
and the systolic and diastolic times. 
cWil—eS* EW) 
Pd = 1 —eS+D) x EW ‘ (2)* 
This equation is very difficult to solve for E’, but Broemser and Ranke (1930) have obtained an approxi- 
mation based upon the same considerations, 
Pp. W 
ee ee 
In this equation it is possible to substitute for W, using equation (1), the expression (p,,—pv)/c, and as 
c= V,,,/60 the last equation can be written, 


(3) 


E’= (Pm—Pv) X (Ps— pa) * 60 
~~ paX Dx Vm 

It is possible to use this equation to obtain values for E’ by the use of pressure measurements and estima- 
tions of the blood flows obtained by independent methods such as are used in cardiac catheterization. 
The value of E’, like W, is expressed in absolute units of the C.G.S. system; in calculating it, therefore, the 
pressures must be expressed in dynes./cm.? and the diastolic time in seconds. 

These formulae are based upon considerations of normal circulatory dynamics beyond the semilunar 
valves and are not therefore applicable in cases where there is either incompetence of these valves or an 


(4) 


additional flow of blood through some abnormal channel into the arterial system. It is for this reason that pressu 
we have had to exclude from analysis many patients in whom there was evidence or suspicion of pulmonary the m 
regurgitation or of a shunt through a patent ductus arteriosus or similar channel into the pulmonary artery. to ass’ 
Ca 

NORMAL VALUES 1986 

In most cases of congenital heart disease there are abnormal features present affecting the subjec 
pulmonary circulation. In order to analyse and assess the significance of the changes in the various the ax 


factors upon which the pulmonary arterial pressure depends, it is necessary to have some knowledge The la 
of their normal values. It is known from the observations made by Riley ef a/. (1948), Stead e/ al. 


(1947) and Hickam and Cargill (1948) that large changes can occur in the volume of the pulmonary justi 
flow in various circumstances with only slight changes of pulmonary arterial pressure, which implies velines 
that the other factors controlling this pressure are themselves subject to large variations. Normal Us 
values must therefore be related to standard conditions and the resting or basal state is used through- tance | 
out our study. arteriz 
Adequate data concerning these normal values for the pulmonary circulation are not yet available calcul 
and figures for the pulmonary blood flow and arterial pressure in normal subjects have been obtained “ae 
only in a comparatively small number of persons, nearly all of whom have been adults. It is known and it 
from studies of the systemic circulation (Wezler, 1942) that the values of the factors involved vary 7” 
with the age of the subject, and knowledge of the values in children is particularly scant. In order the di 
to assess the significance of our observations in congenital heart disease we had first to obtain some adults 
approximations for the normal values related to age. The figures we have adopted are given in aitaie 
Table I; values for intermediate ages have been obtained by interpolation. time ( 
Systolic and diastolic pressures in normal subjects over twenty years of age have been reported systen 

by Cournand (1947), Werk6é (1947), Dexter et a/. (1947a) and Lagerlof and Werk6é (1948). he Werk 
figures we have accepted for subjects of twenty years and over represent the average of these, and in the 
using our observation on the relationship of the mean pressure of the pulse curve to the pulse Werle 
with ¢ 


* e is the base of the natural or Napierian logarithm. 
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CONGENITAL HEART DISEASE 


TABLE I 
NORMAL VALUES FOR THE PULMONARY CIRCULATION RELATED TO THE AGE OF THE SUBJECT 






































Age in Years 5 | 10 | 20 and over 
Systolic pressure (P;) mm. Hg... ae we 23 
Diastolic pressure (Pg) mm. Hg .. Fee ie 8 
Pulse pressure (Pp) mm. Hg ee a st 15 
Mean pressure (Pm) mm. Hg ove ns oe 14 
Pulse rate per minute a i oa a 96 82 74 
Diastolic time (D) o Beg aa os = 390 460 500 
Pulmonary blood flow (Vj) cm.3/min. .. oe 3000 4000 6000 
Peripheral resistance (W’) Symes ore: — 400 300 200 
oe ; ,. Dynes 
Elasticity resistance (E’) a 1800 1200 700 
Elasticity resistance /E’ alae ee ; ’ 
: : 4:5 4:0 3°5 
Peripheral resistance W) : 





pressure (i.e. mean pressure of pulse curve=40% of pulse pressure) we have calculated the value for 
the mean pressure given. As no published figures are available for children it has been necessary 
to assume the same values for all ages. 

Cardiac outputs in normal resting adult subjects have been estimated using cardiac catheteriza- 
tion techniques by Cournand (1945), Cournand ef al. (1945), McMichael and Sharpey-Schafer 
(1944), Stead et al. (1945), Werk6 (1947) and Lagerléf and Werk6 (1948) in a total of over eighty 
subjects. The average value obtained from these figures is 6 1./min. which is 30 per cent higher than 
the average value for normal adults obtained by Wezler and Béger (1939) using physical methods. 
The latter have obtained average values for subjects aged 5 and 10 years and we have added 30 per 
cent to these to obtain comparable approximations for the normal outputs in children. As some 
justification for this procedure it may be noted that the values so obtained agree with the average 
values we have found in children for the systemic blood flow. 

Using these basic figures we have calculated a normal value for the pulmonary peripheral resis- 
tance in adults=200 dynes. sec./em>5. Lagerléf and Werké (1948) have recorded systemic intra- 
arterial pressures in adults by arterial puncture and using their average figures (130/80 mm.) we have 
calculated the corresponding value for the systemic peripheral resistance=1400 dynes. sec./cmS. 
In normal subjects the systemic and pulmonary blood flows are equal so these values are comparable 
and it will be seen that the systemic and pulmonary peripheral resistances are in the relation 7 : 1. 

in order to calculate the elasticity resistance (E’) by the method used here it is necessary to know 
the diastolic time. Lagerléf and Werké (1948) give 74 as the resting pulse rate in their normal 
adults during catheterization; from this figure, using the relation S/S+D=0-375 (an average value 
obtained from our pulse tracings in 21 subjects), we have calculated an approximate normal diastolic 
time (D)=500c. Using this a normal value for the elasticity resistance (E’) in the pulmonary arterial 
system a figure of 700 dynes/cm.5 has been obtained. Correspondingly, again using Lagerlof and 
Wer k6’s figure for the systemic arterial pressure, the normal value obtained for the elasticity resistance 
in the systemic arterial system is 1700 dynes/cm.5 By their physical methods in normal adults 
Wevler and Béger (1939) obtained a value for this factor of 1800 dynes./cm.5 which agrees well 
with our figure. The systemic and pulmonary elasticity resistances are in the relation 2-4: 1. It 
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follows from the different relations between the peripheral and elasticity resistances in the syste nic 
and pulmonary circulations that the quotient E’/W (system.)=1-2 and E’/W (pulm.)=3:°5. 

Using the pulse rates given by Wezler (1942) for children of 5 and 10 years as a basis for ca‘cu- 
lating the diastolic time as above we have obtained the values given in Table I for the above-mentioned 
factors at those ages. For the systemic circulations we have used the blood pressure figures for 
children given by Fleisch (1927) as a basis for our calculations. 

It is appreciated that many of these values are rather artificial but so long as the necessary 
observations on normal children are not available some such approximations are inevitable. When 
direct estimations have been obtained it will obviously be necessary to substitute these. Meanwhile 
the departures from normal that we shall consider are in most cases so large that even considerable 
errors in the normal values adopted would not affect the validity of our conclusions. In all cases 
we have elected, in accordance with the views of Rossier et al. (1950), to present the absolute 
values rather than to attempt a relation to body surface. 


RESULTS IN NORMAL HEARTS 


All our patients have been studied on account of suspected congenital heart disease so that we 
are able to present results from only one subject where the findings seemed to indicate that the heart 
was normal. 


Case 1. H. T. (No. P268), 16, m. Suspicion of congenital heart disease was raised on a soft systolic 
murmur in the pulmonary area, with a normal pulmonary second sound, found after a mass radiograph was 
said to show an abnormal shape of heart with a prominent pulmonary conus. There were no symptoms 
and no disability. Investigations here showed that the heart was displaced to the left by a sternal depres- 
sion; the cardiogram showed right axis deviation with normal chest leads; cardiac catheterization did not 
reveal any evidence of intracardiac abnormality but the cardiac output at rest was increased with a normal 
oxygen consumption. 


The values calculated for the pulmonary and systemic hemodynamics are given in Fig. 2. In 
this and all subsequent similar figures the pulmonary circulation is represented on the left and the 
systemic on the right; the height of the columns represents the values of the various factors in terms 
of the percentage of the normal values for the age of the subject. In this figure absolute values are 
given above the appropriate column in each case. The cardiac output is increased (+65%), but in 
both circulations the peripheral and elasticity resistances are diminished so that the pressures are 
all within normal limits. Both the resistances in each circulation are equally affected so that the 
quotient E’/W is within normal limits in both. This case serves as an example of the alteration of the 
resistances in the normal subject, already referred to, which results in the accommodation of a change 
in the cardiac output without changes of the blood pressures, shown here to be occurring similarly 
in both circulations. 


RESULTS IN LEFT TO RIGHT SHUNTS 


We have been able to analyse the findings in eight patients with left to right shunts leading to 
an increased pulmonary blood flow. The results are given in Table II. There are two patients 
with atrial septal defect, two with anomalous pulmonary veins, and four with ventricular septal 
defect, one of these last possibly having an atrial septal defect also. 


Atrial Septal Defect 


Case 2. B. W. (No. 0626), 7, m, came under observation for symptoms associated with a paroxysmal 
arrhythmia (? atrial flutter). His exercise tolerance was scarcely limited. Systolic and faint diastolic 
murmurs were heard at the apex; the pulmonary second sound was duplicated and increased. Radioscopy 
showed moderate cardiac enlargement due to the right ventricle with enlarged, pulsatile pulmonary arte: ies. 
The cardiogram showed no axis deviation in the standard leads but a notched R wave in V1. Cariiac 
catheterization demonstrated a shunt into the right atrium, proved due to an atrial septal defect by passage 
of the catheter into the left atrium. 
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Fic. 2.—Diagrammatic representation of the hemodynamic analysis in a patient with a normal heart. In this and 
subsequent similar diagrams the height of each column represents the observed value of the factor indicated by 
the symbol at its foot (for list of symbols see page 226) in terms of its percentage change from normal; in this 
case the absolute figures are also given above each column. The pulmonary circulation is shown on the left and 
the systemic on the right. Similar changes are present in both circulations; the minute volume (Vm) is increased 
but the peripheral (W) and elasticity (£’) resistances are so reduced that the blood pressures are within normal 
limits. Case 1. 


In this patient the shunt is 7-3 |./min., leading to a pulmonary blood flow of 11-3 1./min.: the 
right atrial pressure is within normal limits, but the right ventricular systolic pressure is slightly 
elevated. An interesting feature is the small systolic pressure drop on passing into the pulmonary 
artery from the right ventricle (34 mm. dropping to 21 mm. Hg), which may be due to a “ relative 
stenosis ’’ produced by the dilatation of the pulmonary artery (Burchell et a/., 1950). Taking into 
account the patient’s age the pulmonary arterial pressures are probably within normal limits 
although below our “ normal” values; this, despite the increased blood flow, results from the 
extremely low peripheral resistance (W (pulm.)=60 units which is —83°% of normal and the lowest 
value we have found in our series). The elasticity resistance is also greatly reduced (E’(pulm.)= 
500 units or —68% of normal) so that the pulse pressure is not increased despite the high stroke 
volume (110 cm.3). The quotient E’/W (pulmonary) is high. In the systemic circulation the blood 
flow, pressures, and peripheral resistance are essentially normal with the elasticity resistance only 
slightly increased. 


Case 3. J. R. (No. 0291), 7, m., had negligible disability but examination had revealed a cardiac ab- 
normality. There was a soft systolic murmur maximal at the apex; a diastolic murmur was not certainly 
heard. The pulmonary second sound was split but not loud. Radioscopy showed moderate cardiac 
enlargement mostly due to the right ventricle with enlargement of the pulmonary arteries and some pulsation 
near the hila of the lungs. The cardiogram showed some right ventricular preponderance (R.V.P.) with a 
notched R in V1. Cardiac catheterization revealed a shunt into the right atrium. 


‘he systemic flow in this patient could not be satisfactorily estimated owing to a large difference 
bet. een the oxygen contents of the two vene cave and the impossibility of obtaining a true mixed 
venous blood sample in the presence of the shunt into the right atrium, so data are only available for 
the pulmonary circulation in which the biood flow is 12 1./min. As in the previous patient the right 
atric] pressure is normal, the right ventricular systolic slightly elevated and there is a small pressure 
gra: ient between the right ventricle and the pulmonary artery (37-30 mm. Hg systolic). The mean 
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pulmonary arterial pressure is normal, but the pulse pressure (25 mm. Hg or +67% of normal) is 
increased with a slight rise of the systolic and a considerable reduction of the diastolic pressure. 
These changes are accounted for by the low peripheral resistance and normal elasticity resistance, 
the quotient E’/W (pulmonary) being very high. The high pulse pressure reflects the normal 
elasticity resistance occurring with the large stroke volume of 128 cm.3 


Anomalous Pulmonary Venous Drainage 


Case 4. W. B. (No. 0392), 12,m. Congenital heart disease was diagnosed at 6 years. Investigation 
had revealed some bronchiectatic changes in the left lower lobe, presumed the sequel of acute respiratory 
illness in infancy. There had been dyspnoea on exertion since early childhood. Clinical examination 
revealed dextrocardia, a systolic murmur and thrill over the precordium (no diastolic murmur) and a loud 
pulmonary second sound. Radioscopy showed dextrocardia with situs inversus, no ventricular enlargement, 
but pulmonary arteries enlarged with moderate pulsation. Cardiac catheterization demonstrated a shunt 
into the venous atrium, and pulmonary veins were intubated entering this directly from the left lung. 


The pulmonary blood flow in this patient is of the same order as in the preceeding two cases but 
here, in contrast, the pressures are increased. The systolic, diastolic, mean, and pulse pressures are 
all about double the normal, whereas the peripheral and elasticity resistances and the quotient 
E'/W (pulmonary) are not significantly changed from normal, so that the pressure changes are 
effected by the increased blood flow only. The systemic circulation is essentially normal in all 
respects. 


Case 5. M.G. (No. H288), 8, f., had been listless as an infant and subsequently had some limitation of 
exercise tolerance. Congenital heart disease was diagnosed at 5 years. There was a loud systolic murmur 
and thrill at the apex and in the pulmonary: area where the second sound was duplicated and loud. Radio- 
scopy revealed enlargement of the right ventricle and also probably of the right atrium, with enlarged, 
pulsatile pulmonary arteries. The cardiogram showed R.V.P. Cardiac catheterization demonstrated a 
shunt into the right atrium and pulmonary veins draining into or near the lower end of the superior vena 
cava were intubated 


Allowing for the age difference, the increase of the pulmonary flow in this patient relative to the 
normal value is similar to that in the last, but the mean pressure is much higher (p,,=+465°% of 
normal) due to the high peripheral resistance (+ 106% of normal). Proportionately the diastolic 
pressure is more increased than the systolic so that the pulse pressure is less changed. This reflects 
the low elasticity resistance (—31% of normal), the significance of which is all the greater in the 
presence of the high pressure. The relation of this to the enlargement of the pulmonary artery 
will be considered later. Again the systemic circulation shows no significant changes from normal, 


apart from a rather high elasticity resistance. 


Ventricular Septal Defect 


Case 6. R.F.(No. 0142), 12, m., had no disability and congenital heart disease was diagnosed on exami- 
nation at 4 years. There was a systolic thrill and murmur in the pulmonary area with a diastolic murmur 
at the apex, and a loud pulmonary second sound. Radioscopy showed both ventricles to be enlarged with 
pulmonary arteries also enlarged and showing pulsation to the periphery of the lung fields. The cardiogram 
showed no definite preponderance. Cardiac catheterization demonstrated a shunt into the right ventricle. 


The very large pulmonary flow is here associated with high values for the pulmonary systolic, 
diastolic, and mean pressures, these being due to the volume of the flow as the peripheral resistance 
is on the low side of normal. The greatly increased pulse pressure (+ 220%) similarly results from 
the high stroke volume as the elasticity resistance also is low. These relationships are well shown 
in Fig. 3A. In the systemic circulation the blood flow is normal and the other features are on the 
low side of normal. 

Case 7. D.O’D. (No. 0634), 11,f. Congenital heart disease had been diagnosed at 2 years on routine 


examination but later there was some dyspnoea on exertion. There were systolic and diastolic murmurs at 
the apex and the pulmonary second sound was greatly increased. Radioscopy showed cardiac enlargement 
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due io the right ventricle, great enlargement of the main pulmonary artery, a hilar dance, and pulsation to 
the periphery of the lung fields. The cardiogram showed no definite preponderance. Cardiac catheteriza- 
tion demonstrated a shunt into the right ventricle. 


fhe pulmonary flow is even larger than in the last patient, being the largest we have found: 
the general pattern of the changes is the same except that the elasticity resistance is more nearly 
normal. Again the systemic circulation is essentially normal in all respects. 
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FiG.3.—(A) Ventricular Septal Defect. The diagram illustrates the pattern of the hemodynamic changes and shows 
that the pulmonary hypertension arises entirely from the increased blood flow (Vm), the resistances being 
reduced (Case 6). (B) Ventricular Septal Defect. In contrast to Case 6 the diagram shows that in this patient 
the pulmonary hypertension is due to an increase of the resistances (W and E’) as well as to an increased blood 
flow (Case 8). The systemic circulation is relatively unaffected in both cases. 


Case 8. V.H. (No. 0467), 48, f., had had recurrent attacks of bronchitis from childhood with some 
winter asthmatic attacks; dyspnoea on exertion had increased during the last three years. There was 
slight cyanosis; systolic and diastolic murmurs were widely heard over the precordium with an increased 
pulmonary second sound. Radioscopy showed cardiac enlargement chiefly due to the right ventricle; the 
pulmonary arteries were greatly enlarged with considerable pulsation. The cardiogram showed some 
R.V.P. Cardiac catheterization demonstrated a shunt into the right ventricle; the arterial oxygen satura- 
tion at rest was 87 but rose to 100 per cent on breathing oxygen. 


[his patient shows a great increase in the pulmonary arterial pressures, the diastolic being 
relatively the most affected; these changes are the result of several factors as the blood flow, peri- 
pheral and elasticity resistances are all increased. The changes in the two resistances are of the 
same order so that the quotient E’/W (pulmonary) is normal. The systemic circulation yields 
normal figures. These relationships are illustrated in Fig. 3B. 


Case 9. D.H. (No. 0163), 3, m., was unwell from infancy having a persistent cough and dyspnoea on 
effort, although this seems to be decreasing as he grows. A systolic thrill was palpable all over the precor- 
dium with systolic and diastolic murmurs best heard at the apex. Radioscopy showed considerable cardiac 
enlirgement and enlarged pulmonary arteries with pulsation to the periphery of the lung fields. Cardiac 
catheterization demonstrated a moderately large shunt into the right ventricle and the oxygen content 
dificrences were suggestive but not decisive of a small shunt into the right atrium. 


—2 


lhe pattern of the changes in the pulmonary circulation closely resembles that in Case 4 in type 
ani degree, the increases in all the pressures being solely a reflection of the high blood flow. The 
siemic circulation is essentially normal although the elasticity resistance is slightly increased. 
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Summary of Findings in Left to Right Shunts 


Surveying all the patients of this group three classes may be distinguished. All have incre.sed 
pulmonary blood flows but some have normal pulmonary arterial pressures with low peripheral 
resistances. The rest have increased pressures but are further divisible into two types, those where 
the hypertension is purely an effect of the large flow and the peripheral resistance is low or norinal, 
(exemplified by Case 6, Fig. 3A) and those where the hypertension is augmented by an increase in 
the resistance (exemplified by Case 8, Fig. 3B). The latter are distinguished by the relatively greater 
rise in the diastolic pressure. 

Some of these patients have no disability but where this is present it is not associated with the 
largest pulmonary flows; study of the findings soon reveals that the best correlation is between 
disability and the magnitude of the pulmonary peripheral resistance; thus the two patients with the 
greatest disability (Cases 5 and 8) have peripheral resistances +106 and +170 per cent respectively 
whereas their flows are only +142 and +117 per cent respectively; on the other hand, for example, 
Case 6 who has no disability has a peripheral resistance —14 per cent but a flow +348 per cent. 

The difference between the changes in the pulmonary and systemic circulations is well shown in 
Fig. 3 and Table II. The altered conditions of the pulmonary circulation are established indepen- 
dently of any change in the systemic and we shall show that this applies in other forms of congenital 
heart disease. 


RESULTS IN CASES WITH PULMONARY HYPERTENSION 
Eisenmenger’s Complex 


Whatever the merits or demerits of arguments for considering Eisenmenger’s complex to be a 
distinct anatomical entity (Selzer, 1949) we consider that it is a useful label for what appears to be a 
physiological entity. The criteria we have adopted for putting two of our patients into this group 
have been the demonstration of pulmonary arterial hypertension, with evidence of a right to left 
shunt confirmed by failure to obtain full arterial oxygen saturation on breathing oxygen. The find- 
ings in these patients are given in Table II. 


Case 10. D.C. (No. P036), 44, f., was found to have congenital heart disease on examination at the age 
of 6 months but cyanosis was not apparent until her school years at the earliest. Disability was slight until 
her late twenties since which time dyspnoea and substernal pain had steadily become increasingly severe 
limiting factors. A diastolic thrill and murmur with a short systolic murmur were found to the left of the 
sternum. Radioscopy showed cardiac enlargement mainly due to the left ventricle with great dilatation of 
the main pulmonary arteries; pulsation was easily seen in these. Cardiac catheterization showed the criteria 
stated above. 


The changes in the pulmonary circulation are illustrated in Fig. 4A. It will be seen that the 
greatest change in the pressures affects the diastolic value, a reflection of the great increase in the 
peripheral resistance (+800% of normal). The pulse pressure is also greatly increased although here, 
in contrast to the previous group, the stroke volume is small (38 cm.); this is accounted for by the 
very high elasticity resistance (+729% of normal). The quotient E’/W (pulmonary) is therefore 
normal. The systemic circulation has a normal flow and mean pressure, but the elasticity resistance 
and therefore the pulse pressure are rather low. 


Case 11. D.L. (No. 0625), 33, f., had about a year before admission a sudden onset of dyspnoea on 
exertion which steadily increased; cyanosis became apparent about three months later. There were no 
signs of cardiac failure. A systolic thrill with systolic and diastolic murmurs to the left of the sternum were 
present; the pulmonary second sound was increased and duplicated. Radioscopy showed cardiac enlarge- 
ment mainly due to the left ventricle with pulsation in the large pulmonary arteries. Cardiac catheterization 
showed the same criteria. 


The changes in the circulation are seen in Fig. 4B and the resemblance of the pulmonary circula- 
tory pattern to that in the previous patient is obvious. The systemic pressures are normal although 
here the flow is slightly reduced and the resistances are raised. 
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hypertension here is solely the increase in the resistances. 


i. 4.—(A) Eisenmenger’s Complex. 
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The pattern of the changes in the pulmonary circulation shows clearly how 


the hypertension is due entirely to the increased resistances (W and E’) while the blood flow is greatly reduced. 
The normal mean systemic arterial pressure (Pm) and blood flow (Vm) are in marked contrast (Case 10). (B) 


Eisenmenger’s Complex. 


The pulmonary pattern in this patient shows a striking resemblance to that in Fig. 4A. 


In the systemic circulation the reduced blood flow has been compensated for by changes in the resistances so that 
the pressures are normal (Case 11). 


[hese patients show a remarkable resemblance to each other but stand in marked contrast with 
the previous group in that the pulmonary blood flows are reduced; the mechanism producing 


In keeping with the previous group the 


high peripheral resistances are associated with greater disability and again the brunt of the physio- 
logical disturbance is borne by the pulmonary circulation. 


available for analysis. 


Transposition of the Great Vessels 
In only one patient, with partial transposition and a ventricular septal defect, were full data 


We have elected to present the results at this point for, as will be seen, the 


hemodynamic changes lie intermediate between those of the preceding two groups. 
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Case 12. 
> to dyspnoea on exertion. 


H. K. (No. 0109), 13, m., had been cyanosed from birth and had suffered moderate disability 
There was a loud systolic and a rumbling diastolic murmur to the left of the 
num; the pulmonary second sound was greatly increased. Radioscopy showed some cardiac enlarge- 


t mostly affecting the right ventricle; the pulmonary arteries were enlarged with a hilar dance. The 


red, the oxygen saturation of blood in the latter being found the higher. 


liogram showed R.V.P. During cardiac catheterization both the aorta and pulmonary artery were 


[he pattern of the changes is shown in Fig. 5A. Like the two patients above the greatest change 
ie pulmonary arterial pressures affects the diastolic value (+563% of normal) and correspond- 
y the chief factor in producing the hypertension is the high peripheral resistance. The elasticity 
stance also is increased but proportionately less so; so that E’) W (pulmonary) is low. Unlike 
wo patients above, but resembling the group with left to right shunts, there is an increase of the 
nonary blood flow, so that all the three possible factors are here involved in producing the 


ertension. 


In common with both groups the increased pulmonary peripheral resistance is 
‘ciated with some disability and the systemic circulation shows only minor changes from normal. 
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Fic. 5.—(A) Transposition of the Great Vessels. The pattern of the changes in this patient shows that the pulmonary 
hypertension is chiefly due to an increase of the peripheral resistance (W) but that the high blood flow (Vm) and 
elasticity resistance (E’) are additional factors. The essentially normal systemic pattern stands in marked contrast 
to the pulmonary (Case 12). (B) Primary Pulmonary Hypertension. The essential change in the pulmonary 
circulation is seen to be the hypertension associated with the increased peripheral resistance(W). Apart from the 
increased elasticity resistance the systemic circulatory pattern is essentially normal (Case 14). 


Primary Pulmonary Hypertension 

In three patients we have found pulmonary arterial hypertension where there was no left to right 
shunt and where the normal arterial oxygen saturation either ordinarily or whilst breathing oxygen 
excluded a right to left shunt. One of these (Case 15), reported fully elsewhere (Soothill, 1951), had 
no evidence of any pulmonary disease to account for these changes and would appear to be an 
example of primary pulmonary hypertension (Brinton, 1950) or idiopathic right ventricular hyper- 
trophy (De Navasquez et al., 1940). Another (Case 13) had a complex story of illness of obscure 
nature not obviously involving the lungs but showed some discreet mottling of unusual character in 
the lungs on X-ray; the pulmonary disease seemed insufficient to account for the hemodynamic 
changes observed and may well have been coincidental. The third (Case 14) had more obvious 
pulmonary disease but the general picture again suggested that the circulatory changes were not 
entirely accounted for by the lung changes; while it is appreciated that cor pulmonale cannot be 
excluded we have included it here as an example of pulmonary hypertension without a cardiac 
malformation. The findings in these patients are given in Table III. 

Case 13. D.K., 25, m., came under medical observation at the age of 20 years while in India when he 
was suspected of having ankylosing spondylitis and was also treated for tropical eosinophilia. At 22 years he 
first complained of dyspneea and within a year first noticed cedema. His symptoms and his disability were 
variable, generally responding to treatment with rest in bed but relapsing on resumption of activity. When 
referred here there was an apical systolic murmur and an increased pulmonary second sound. Radioscopy 
showed great enlargement of the pulmonary arteries but with some pulsation only in the main branches; 
both lung fields showed scattered, sharply defined, probably calcified, miliary opacities. The cardiogram 
showed R.V.P. Cardiac catheterization revealed pulmonary hypertension but no evidence of any intra- 
cardiac abnormality. 

The mean pulmonary arterial pressure is greatly increased (67 mm. Hg) with the systolic sonie- 
what more affected than the diastolic, unlike the other cases in this group, so that the pulse pressure 
is considerably increased (57 mm.). These changes exist with a low minute volume, but a stroke 
volume (62 cm.3) not much changed from normal because of a rather slow pulse rate. Although 
both the resistances are increased the chief change is in the peripheral resistance, so that the quoticnt 
E’/W (pulmonary) is low. The systemic circulation shows some hypotension, a reduced blood flow 
being associated with normal resistances. 
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Case 14. M.L., 19, f., had suffered from bronchitis and asthma from early childhood but at an early 
age had already shown cyanosis and dyspnoea on exertion and had had several attacks of right-sided heart 
failure before being investigated. No murmurs were heard and the pulmonary second sound was thought 
to be normal. Radioscopy showed moderate cardiac enlargement due to the right ventricle with great 
enlargement of both pulmonary arteries but pulsation only just seen in the main vessels. The cardiogram 
showed R.V.P. Cardiac catheterization revealed pulmonary hypertension and no evidence of a left to right 
shunt; the arterial oxygen saturation while breathing oxygen was normal. 


lhe pattern of changes in the circulation is shown in Fig. 5B where will be seen the great increase 
of the pulmonary diastolic pressure (56 mm. Hg) reflecting the high peripheral resistance (+471% 
of normal), the blood flow being rather low. The elasticity resistance is less affected (+167% of 
normal), so that again the quotient E’/W (pulmonary) is low. The changes in the systemic circula- 
tion are similar to, but less than, those in the last patient, and the pressures are probably within 
normal limits. 


Case 15. V.B., 22, m. (Soothill, 1951), was well until a year before his investigation when he began to 
complain of dyspnoea on exertion which increased rapidly and was followed nine months later by congestive 
failure. After treatment he improved and cardiac catheterization was performed but he died a few months 
later ina second attack of cardiac failure. No murmur was heard but the pulmonary second sound was in- 


ry creased and duplicated. Radioscopy showed considerable cardiac enlargement due to the right ventricle 
id and large pulmonary arteries confined, as was the pulsation, to the more proximal branches. The cardio- 
st gram showed R.V.P. with S-T depression and inversion of T waves from VI-V6. Cardiac catheterization 


yielded results similar to those in the preceding patient. Post mortem, the thoracic viscera were examined by 
Dr. de Navasquez who reported that the findings, apart from some secondary changes in the larger pul- 
monary vessels, were those of idiopathic right ventricular hypertrophy (De Navasquez et al., 1940). 


1e 


lhe changes in the pulmonary circulation are the same as in the previous case but here are seen 
it in extreme form, the great hypertension existing with a much reduced cardiac output (—68% of 


n normal) so that the peripheral resistance is +1900 per cent of normal, the highest value found in 
d our series. In the systemic circulation the low cardiac output is compensated for by increases in 
n the resistances so that the pressures are nearly normal. 
. rhe three patients in this group have in common great pulmonary hypertension with reduced 
€ pulmonary blood flows, the major factor in the production of the hypertension being the great 
n increase of the peripheral resistance. Two of them had evidence of associated parenchymatous 
c lung changes in the form of central cyanosis abolished on breathing oxygen. There is some resem- 
s blance between this group and Eisenmenger’s complex group, but here the elasticity resistance is 
t relatively less increased and some at least of the increase observed is almost certainly secondary to 
e the stretching of the vessel walls by the hypertension. The predominant change here is the increased 
c peripheral resistance. This is associated in all the cases with disability and in Case 15 the observa- 
tion of an extremely high resistance was shortly followed by death. In all three the cardiac output 
e was reduced and this has led to some changes in the systemic circulation, but these are largely 
e directed to maintaining normal pressures and are all trivial compared with the pulmonary changes. 
e 
; RESULTS IN PULMONARY STENOSIS 


In nine patients with pulmonary stenosis the pulmonary arterial curves and other results were 
n satisfactory for analysis. Six were examples of uncomplicated pulmonary valvular stenosis, i.e. 
patients in whom there was no evidence of a shunt at any site; only two of our many cases of Fallot’s 
tetralogy yielded suitable curves. The remaining patient (reported in detail elsewhere, Deuchar 
and Zak, 1951) was an example of the combination of pulmonary stenosis with an increased pulmon- 
ar’ blood flow. The findings in these patients are given in Table III. 


° 
e 
i Pulmonary Stenosis with a Left to Right Shunt 
t 
V 


Case 16. D. A. (No. P259), 13, m., was diagnosed as having congenital heart disease at 8 months but 
Wes very little disabled. There was a systolic thrill and murmur. On radioscopy the lung fields did not 
apoear light but there was no abnormal pulsation. The cardiogram showed R.V.P. Cardiac catheterization 
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demonstrated pulmonary stenosis and also a left to right shunt (8-6 I./min.) which was thought probably 
to be due to anomalous pulmonary venous drainage into the right atrium. 


The pattern of the changes in the circulation is shown in Fig. 6A, and apart from the pressure 
drop across the pulmonary valve (represented by the shaded column showing the right ventricular 
systolic pressure) it will be seen that it most closely resembles in form that shown in Fig. 3A illus- 
trating a patient with a left to right shunt through a ventricular septal defect, although here the 
changes are smaller. The pressures in the pulmonary artery are slightly raised and this is due 
solely to the increased blood flow as the resistances are much reduced, especially so the elasticity 
resistance which is only 240 units (—77% of normal), giving a low value for the quotient E’)W 
(pulmonary). The systemic circulation is “essentially normal in all respects. 
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FiG. 6.—In this and the succeeding diagrams the dotted column above the pulmonary Ps column represents the right 
ventricular systolic pressure in terms of its change from normal; it gives some indication of the severity of the 
stenosis. (A) Pulmonary Stenosis with a left to right shunt. The increased pulmonary blood flow is here respons- 
ible for the high normal pulmonary arterial pressure despite the great reduction in the resistances. The systemic 
circulation is essentially normal. Comparison with Fig. 3A shows that the total pattern of the changes is the same, 
though less in degree in this case (Case 16). (B) Uncomplicated Pulmonary Stenosis. The pulmonary circu- 
latory pattern shows how a normal blood flow is associated with low pressures and low resistances in this 
patient; again the systemic pattern is virtually normal (Case 17). 


Uncomplicated Pulmonary Stenosis 


Case 17. R.R. (No. P273), 23, m., had no symptoms until 14 years of age; dyspnoea on exertion was 
then noticed and had since increased slightly but when investigated he was still able to work as a farm 
labourer. There was a systolic thrill and murmur in the pulmonary area with a diminished pulmonary 
second sound. Radioscopy showed moderate cardiac enlargement due to the right ventricle and gross 
dilatation of the pulmonary trunk with pulsation visible in the dilated portion but not beyond. The cardio- 
gram showed R.V.P. with T inversion from V1I-V4. Cardiac catheterization demonstrated pulmonary 
stenosis with no evidence of any shunt. 


In this patient there is a normal blood flow but definite pulmonary hypotension due to the low 
resistances, of which the peripheral resistance is the more reduced so that the quotient E’/W (pul- 
monary) is greater than normal. This pattern of changes is shown in Fig. 6B. The systemic circu- 
lation is again essentially normal. 


Case 18. I. P. (No. H302), 22, f., was diagnosed in childhood as having congenital heart disease but had 
no disability even after an illness which seems to have been bacterial endocarditis. There was a systolic 
thrill and murmur in the pulmonary area. Radioscopy showed no general enlargement of the heart but a 
little fullness of the right ventricle with slightly dilated pulmonary arteries and some pulsation there. The 
cardiogram showed no definite evidence of ventricular preponderance. Cardiac catheterization revealed a 
mild degree of pulmonary stenosis with no evidence of a shunt. 


The cardiac output is slightly increased in this patient but in both circulations the pressures are 
within normal limits as there is a compensatory reduction in the peripheral resistances. The rather 








large st 
in ihe 

reflectis 
the pul 


Case 
complai 
to the Ie 
heart bi 
from V 
the R.V 


The 
resemb 
the onl 
the elas 
conside 
system! 


Case 
had not 
sternurr 
the righ 
was no! 
modera 


The 
values 
but the 
(pulmo 


Cas 
when tl 
able to 
of the rp 
ary arte 
pulmon 
increasi 
Cardiac 
pressure 

At 
stenosi: 
cardiac 
the san 
than th 
resistar 
in Fig. 


C ase 
disa bili 
time of 
associat 
Radios 
Conus a 
R.\.P. 
on’ jus 








= oO 


“SS SS @& O&O 


ww —_— ww 








CONGENITAL HEART DISEASE 241 
larze stroke volume (95 cm.}) is associated in the two circulations, however, with different changes 
in ‘he pulse pressure; this is slightly reduced in the pulmonary but increased in the systemic 
reflecting correspondingly slight, contrasted changes in the elasticity resistances. The pattern in 
the pulmonary circulation closely resembles that illustrated in our normal case (Fig. 2). 


Case 19. C. A. (No. P247), 12, m., had been known to have congenital heart disease for many years and 
complained of some tiredness on exertion but had little disability. There was a systolic thrill and murmur 
to the left of the sternum with a diminished pulmonary second sound. Radioscopy showed a normal size 
heart but gross dilatation of the left pulmonary artery. The cardiogram showed R.V.P. with T inversion 
from VI-V5. Cardiac catheterization demonstrated a severe degree of pulmonary valvular stenosis (ps in 
the R.V.=180 mm. Hg, the highest we have recorded) with no shunt. 


[he cardiac output is within normal limits and the pulmonary circulatory pattern exactly 
resembles Case 17 above in type though the changes are slightly smaller. In the systemic circulation 
the only deviation from normal is a slight increase in the pulse pressure associated with increase of 
the elasticity resistance. It is interesting that a repeat study after pulmonary valvulotomy showed a 
considerable reduction of the right ventricular pressure but that in all respects the pulmonary and 
systemic circulation figures were unchanged. 


Case 20. P. N. (No. OSI1), 15, f., first noticed some dyspneea on exertion at the age of 10 years; this 
had not changed and she suffered little disability. There was a systolic thrill and murmur to the left of the 
sternum with a diminished pulmonary second sound. Radioscopy showed considerable enlargement of 
the right ventricle and prominence of the main pulmonary artery, its branches being small. The cardiogram 
was normal in the standard leads but the chest leads showed R.V.P. Cardiac catheterization revealed a 
moderate degree of pulmonary stenosis with no evidence of a shunt. 

[he cardiac output and the pulmonary arterial pressure although higher than the “ normal ” 
values are probably within normal limits. The peripheral resistance is on the low side of normal, 
but the elasticity resistance is somewhat more reduced giving a low value for the quotient E’/W 
(pulmonary). The systemic circulation is normal. 


Case 21. J. F. (No. P206), 16, m., was diagnosed as having congenital heart disease at the age of 3 years 
when the murmur was heard but had no disability until about 8-10 years, when he got tired easily but was 
able to walk two miles. There was a systolic murmur and thrill to the left of the sternum with diminution 
of the pulmonary second sound. Radioscopy showed some enlargement of the right ventricle with pulmon- 
ary arteries within normal limits. The cardiogram showed R.V.P. Cardiac catheterization revealed severe 
pulmonary stenosis with no shunt. Two years later at the age of 18 years there was some suggestion of 
increasing disability and he had an attack of unconsciousness. There was no change in the physical signs. 
Cardiac catheterization was repeated (Table III) and showed only some change in the pulmonary arterial 
pressure. 


\t both catheterizations a degree of pulmonary hypertension was found to accompany the 
Stenosis; the pressure tracing from the first catheterization was not satisfactory for analysis. The 
cardiac output, the mean pulmonary arterial pressure, and the peripheral resistance were essentially 
the same on each occasion, but the first time the diastolic pressure was relatively more elevated 
than the systolic, whereas the second time the reverse is the case, due to the increased elasticity 
resistance on this occasion. The pattern of changes seen at the second catheterization is illustrated 
in Fig. 7A. The systemic circulation was essentially normal on both occasions. 


_ Case 22. C. H. (No. 0468), 9, f., was found to have a murmur at six years but the time of onset of her 
dis bility was uncertain; dyspnoea on exertion had gradually increased and was moderately severe at the 
time of investigation. She also suffered from a chronic cough. There was a systolic thrill and murmur 
associated with a diminished second sound in the pulmonary area; rhonchi were heard in both lungs. 
Ra jioscopy showed considerable cardiac enlargement mainly due to the right ventricle; the pulmonary 
CO!.us area was prominent but the branches of the pulmonary artery were small. The cardiogram showed 
R.. P. Cardiac catheterization revealed a severe degree of pulmonary stenosis; the arterial oxygen was 
nN. just below normal and this was thought to reflect her pulmonary disease rather than to indicate a shunt. 
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FiG. 7.—(A) Uncomplicated Pulmonary Stenosis. The pulmonary pattern in this patient contrasts with that in 
Fig. 6B; here the normal blood flow is associated with pulmonary hypertension due to an increase of the resist- 
ances, of which the elasticity resistance (E’) is seen to be the more important (Case 21). (B) Fallot’s Tetralogy. 
The pulmonary pattern here shows changes similar to those in Fig. 7A but with a reduced blood flow due to the 
right to left shunt and with the elasticity resistance change even more prominent (Case 23). In both cases the 
systemic patterns are essentially normal. 


In the pulmonary circulation the mean arterial pressure is virtually normal with slight widening 
of the pulse pressure, but this is associated with a low blood flow so there is some elevation of the 
peripheral resistance (+113% of normal) and considerable increase of the elasticity resistance 
(+604% of normal), giving a high value for the quotient E’/W (pulmonary). The low blood flow 
and normal pressure in the systemic circulation are associated with similar but lesser changes in the 
resistances. 


Fallot’s Tetralogy 


Case 23. D.S. (No. 0168), 16, m., had been cyanosed from infancy and had dyspnoea on exertion but 
was not greatly disabled. There was a systolic murmur to the left of the sternum. Radioscopy showed a 
sabot-shaped heart (Fig. 8) with enlargement of the right ventricle and light lung fields. The cardiogram 
showed R.V.P. Cardiac catheterization findings were in keeping with Fallot’s tetralogy, the right to left 
shunt being 3 1./min. 


The pulmonary arterial diastolic pressure is normal but the systolic is raised, so the pulse pressure 
is increased despite a small stroke volume (38 cm.3). This reflects a considerable increase of the 
elasticity resistance (+345%). The normal diastolic and slightly raised mean pressure with the low 
blood flow are associated with a slightly raised peripheral resistance (+63%). The quotient E’)W 
(pulmonary) is high. The systemic circulation is normal in all respects. These patterns are 
illustrated in Fig. 7B. 


Case 24. D.J. (No. P142), 14, f., had cyanosis and some dyspnoea on exertion from infancy but had not 
been greatly disabled until 12 years old when, following what seemed a respiratory illness, she began to zet 
cyanotic attacks and suffered considerable decrease in her exercise tolerance. There was a systolic thrill 
and murmur to the left of the sternum with diminution of the pulmonary second sound. Radioscopy 
showed some enlargement of the right ventricle with nothing remarkable about the pulmonary arteries. 
The cardiogram showed R.V.P. Cardiac catheterization findings were in keeping with Fallot’s tetralogy 
(right to left shunt= 2-5 |./min.) with a double pressure change between the right ventricle and the pulmonary 
artery suggesting the presence of both infundibular and valvular stenosis (confirmed at operation). 


The pulmonary blood flow is normal and there is some increase of the pulmonary arteria: pressure, 
chiefly affecting the diastolic level, so the peripheral resistance is increased (+89%). The elasticity 
resistance is slightly diminished and the quotient E’/W (pulmonary) is low. There is a normal 
mean systemic arterial pressure but a low pulse pressure associated with some increase of he 
blood flow: accordingly both the resistances are reduced, the elasticity the more so. 
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CONGENITAL HEART DISEASE 


Summary of Cases with Pulmonary Stenosis 


in this group the only feature common to all cases is a pulmonary stenosis, ranging in degree 
as can be seen from the right ventricular pressures in Table III, from moderate to severe. It is 
clear that there is no typical circulatory pattern associated with this owing to the large number of 
other variables in these patients. Despite the small number in this series and the complexity of 
the inter-relationships involved it seems to us that some correlations are suggested by our findings. 
The first case is unusual in having a left to right shunt associated with the stenosis but apart from that 
does not differ in any fundamental way from the rest of the group in whom the blood flows range 
from slightly raised to considerably diminished; so there seems no reason for not including this 
patient in our consideration of the group as a whole. 





Fic. 9.—Pulmonary Stenosis with left to right 
shunt. Angiocardiograph showing the large 
pulmonary arteries associated with a low 
elasticity resistance (Table IIIf and Fig. 6A). 


Fic. 8.—Fallot’s Tetralogy. Plain radiograph of the chest 
showing the sabot-shaped heart and small pulmonary 
arteries associated with a high elasticity resistance (Table Case 16 
Ill and Fig. 7B). Case 23. — 


The pulmonary arterial pressures in the group range from the moderately increased (Case 21) 
to the considerably diminished (Case 17). In those with a high pressure, this is due in Case 16 to a 
high blood flow with low resistances, in Case 23 predominantly to high elasticity resistance, and in 
Case 24 to a high peripheral resistance; Cases 21 and 23 show some increase of both resistances. 
In all the other patients the resistances are low. 

There is a range of pulmonary elasticity resistances from —77 per cent (Case 16) to +607 per 
cent (Case 22) of normal and comparing these values with the size of the pulmonary arteries as 
judged on the radiographs, radioscopy and the angiocardiographs we have observed that there is 
some correlation between dilatation of the pulmonary artery and a low elasticity resistance and vice 
versa. Thus in Case 16 the large pulmonary arteries shown on angiocardiography (Fig. 9) are 
associated with the lowest elasticity resistance; in Case 17 dilatation is again found with a low elas- 
ticity. Conversely in Case 23 (Fig. 8) the typical sabot shape due to small pulmonary arteries is 
associated with a high elasticity resistance. In Case 22, where the elasticity resistance was the highest 
in this group, although there is some prominence in the pulmonary conus area on the plain radio- 
gr:ph, the angiocardiograph shows that much of this is due to the ventricular enlargement and that, 
the pulmonary arteries are small, especially in the lung fields. 

There seems to be no simple relation between the degree of stenosis and the disability (e.g. Case 
19 appears to be one of the most severe stenoses but his disability is slight) which is scarcely sur- 
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prising in view of the other independent factors that, prima facie, would be expected to afiect 
disability. In Table III, within the limits imposed by separating the different diagnostic groups, the 
patients with pulmonary stenosis are arranged in order from above down according to the mazni- 
tude (in percentage of normal) of the pulmonary peripheral resistance. Thus all cases from 16 to 
20 inclusive have low peripheral resistances and it can be seen that all these patients have little or 
no disability; the remainder have increased peripheral resistances and the disabilities here are 
greater. With the close interdependence of blood flow and peripheral resistance it is not surprising 
that a somewhat similar correlation exists in this group between low blood flow and disability but 
we shall discuss later reasons for believing that the resistance is the more important factor. 

The patients in this group, like those in the others, show predominantly normal patterns in the 
systemic circulation, independent of the type of pattern found in the pulmonary circulation. — Even 
more striking is the close adherence of the mean systemic arterial pressures to the normal values; 
the range observed is only from —10 to +6 per cent of normal. 


DISCUSSION 


To appreciate the significance of these observations it is necessary to understand how the various 
components interact to determine the actual blood pressure. Our knowledge in this field derives from 
the work of Frank (1899 and 1926) and his followers, e.g. Broemser and Ranke (1930), Broemser 
(1939), and Wezler and Béger (1939), in their physical and mathematical analysis of the mechanical 
constitution of the arterial system and the theory of blood pressure. The conceptions of the blood 
flow and the peripheral flow resistance and their interrelationships are well known and need no 
further description here. The role of the effective volume elasticity coefficient and its relationship 
to the Windkessel function of the main vessels is less known. The term itself is defined by the 
expression E’= /\p//\V, where /\p is the change of pressure inside the vessel resulting from changing 
its volume content by AV. Its value is also given by the expression E’=«/V, where « is a measure 
of the elasticity of the vessel wall and V the volume content of the vessel (Frank, 1899 and 1926). 
It will be seen that E’ is more than a simple expression of the elasticity of the vessel wall involving, 
as it does, also a consideration of the size of the vessel. We are here speaking of elasticity in its 
true physical sense, i.e. the greater the elasticity of the wall, as expressed by x, the less the distensi- 
bility of the vessel so that the effective volume elasticity coefficient is a measure of the resistance of 
the vessel to distension. Hence our description of it as the “ elasticity resistance.” 

The interrelationships of these components are naturally complex and have been discussed in 
detail by Wezler (1943) but briefly they can be summarized as follows. (1) An increase of the 
minute volume by itself results in an increase of diastolic and systolic pressures; the effect on the 
pulse pressure will depend upon the heart rate as this affects the stroke volume. (2) An increase 
of the peripheral resistance alone leads to a rise in the diastolic and systolic pressures but predomi- 
nantly affects the former thereby reducing the pulse pressure. (3) An increase of the elasticity 
resistance alone leads to a fall in the diastolic pressure and an increase in the systolic thereby widen- 
ing the pulse pressure, as has been demonstrated directly in heart-lung preparations (Knebel, 1941a 
and 5). 

All these statements presuppose a change of one of the components only but in practice any 
combination of changes may occur producing correspondingly modified alterations of the blood 
pressure. It is not possible, therefore, by a simple consideration of the pressures recorded to judge 
the changes, and the values of the components must be calculated in each case. 

It has been possible hitherto to study these changes in the systemic circulation by means of 
physical methods based on the velocity of the pulse waves in the main arterial vessels and these 
methods have been applied extensively in normal persons and patients with systemic hypertension 
or a variety of circulatory disturbances (for full references see Wezler, 1943). The application of 
formulae derived by Frank (1926) and by Wezler and Béger (1939) and simplified by Broemser and 
Ranke (1930) to the data obtained during cardiac catheterization now gives us a way of study ng 
these changes simultaneously in both the systemic and pulmonary circulations. 
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it is known from the work on the systemic circulation just referred to that the normal values for 
these components vary with age. At present factual data are only available for calculation of the 
normal pulmonary values in adults, so, as described, we have had to construct from a variety of 
sources some approximations for the values of childhood. From these calculations it is possible 
to give some quantitative expression to the well known differences between the two circulations 
(Cournand, 1947 and 1950). Normally, the minute volume of the two circulations is the same; it 
follows that the pressure differences between them must arise from differences of resistances. From 
our figures it can be seen that the greater difference is in the peripheral resistance (which for the 
systemic circulation is 7 times as large as for the pulmonary in adults), the difference in the elasticity 
resistances being only about one-third of this. This is shown in the important quotient E’/W with 
a value 3-5 for the pulmonary circulation as opposed to 1-2 for the systemic in normal adults. 
These resistances are not, however, fixed quantities and we are discussing values observed under 
resting or basal conditions; this is well illustrated by the figures obtained in our normal case (Fig. 2) 
where the high cardiac output has been accommodated in both circulations by equal changes in the 
two resistances so that the pressures are maintained within normal limits. 

In our patients we have observed a wide range of variations from the normal circulatory patterns 
and many have shown pulmonary hypertension. In the patients with left to right shunts we have 
observed examples of this hypertension due solely to high minute volume (Fig. 3A) and others 
due partly to an increase of the resistances (Fig. 3B), but in all the increased flow is the chief factor. 
Other members of this group must not be overlooked who, like our normal case above, have accom- 
modated the increased flow by reducing the resistances and so maintained normal pressures. By 
contrast the two patients with Eisenmenger’s complex have pulmonary hypertension with small 
minute volumes and therefore due solely to changes in the resistances (Fig. 4A and B). The group 
with primary pulmonary hypertension similarly have hypertension due to an increase of resistances 
although here the elasticity is less affected (Fig. 5B). Our case of transposition of the great vessels 
(Fig. SA) occupies a somewhat intermediate position. We have also observed slight pulmonary 
hypertension in a few patients with pulmonary stenosis and in these the responsible components 
are again the resistances, but from Fig. 7 and the values in Table III for Case 22 it is clear that the 
elasticity resistance is of greater importance here. Pulmonary hypertension in these patients may 
therefore result from a considerable variety of mechanisms. 

In the pulmonary stenotic group we have already drawn attention to the inverse relation between 
the size of the pulmonary artery and the observed elasticity resistance; thus dilated pulmonary 
arteries have been observed in cases with very low values and, conversely, small arteries with high 
values. This important observed relationship agrees with the relationship expected from the defini- 
tion of the elasticity resistance which, as already noted, is concerned with the vessel size in such a 
way that, other things being equal, the larger the vessel the less the elasticity resistance. The im- 
portance of the elasticity resistance in relation to the pulmonary arterial pressure in this group has 
just been noted, hence the importance of the vessel size. The qualification ‘‘ other things being 
equal” in the statement concerning elasticity resistance and vessel size is important. If the vessel 
be distended by a high pressure the size will be large but the elasticity resistance may be large also 
owing to the increase of the factor x when the vessel wall is stretched to near its elastic limit. This 
accounts for the significance we have attached in some patients to relatively low elasticity resistances 
occurring with considerable hypertension, and also for the absence of the simpler relation between 
elasticity resistance and vessel size in many of the earlier cases with pulmonary hypertension, 
although it commonly holds in the first group when hypertension is slight or absent. 

The elasticity resistance must clearly play an important role also in the matter of pulsation of the 
puimonary vessels as seen on radioscopy. We have endeavoured to investigate this in some selected 
cases that have already been discussed elsewhere by Campbell (1951), adding a few others from the 

pulmonary stenotic group for contrast. Campbell has concluded that increased pulmonary blood 
flow is the important factor and that raised arterial pressure although having some effect in producing 
visible pulsation is less important. 
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It is possible from our data to analyse the relationship more exactly. During systole, pari of 
the volume of blood ejected from the ventricle flows directly into the peripheral circulatory bed. the 
rest serving to dilate the arterial tree from its diastolic volume; during diastole this latter portic is 
also driven into the periphery by the elastic recoil of the arterial wall; this is the essence o! the 
Windkessel function of the arterial system. If the volume AV in the expression E’= /p// ' is 
the volume just mentioned that dilates the arteries, then /\p is the pulse pressure, available fron: the 
pressure records. E’ is calculable and therefore it is possible to obtain AV. This volume js a 
measure of the “ storing capacity ” of the Windkessel function of the arteries and is spoken of as 
the pulse volume, as opposed to the stroke volume of which it forms a part. The stroke volume 
(Vs) being also known it is possible to determine from the simple function A V/Vs the portion of 
it which is stored in the arterial tree in the way described. This value is related closely to the 
quotient E’/W and we shall discuss this elsewhere (Deuchar and Knebel, 1952). 

The values we have obtained in 17 patients are given in Table IV together with the size of the pul- 
monary artery and the degree of pulsation seen on radioscopy as reported by Dr. Campbell. 

The two examples of atrial septal defect (Cases 2 and 3) provide an instructive contrast; both 
have large and nearly equal stroke volumes yet in the former there was striking pulsation whereas 
in the latter it was seen only in the larger pulmonary vessels. From the table it can be seen that this 
is associated with a much larger pulse volume and “ stored portion ”’ in the former than in the latter 
(A V/Vs=0-36 and 0-17, respectively). This suggests that a large pulse volume or “ stored portion ” 
may be in some patients an important determining factor in producing visible pulsation. Further 
study of the table shows that all the patients in the anomalous pulmonary venous drainage and 
ventricular septal defect group have large pulse volumes and stored portions (A V/Vs ranging 
from 0-30 to 0-56) associated with considerable pulsation. (Case 9 has a large pulse volume 
with Vs=21 cm. as the age of the patient was only 3 years). In the pulmonary stenotic group 
there was one patient (Case 18) who showed some pulsation in the large pulmonary vessels. 
This patient stands in striking contrast to the other two with pulmonary stenosis in respect especially 
of the pulse volume, which is several times greater in the case with pulsation than in the others 
(Table IV); interestingly the pulse pressure in this patient was lower than in the others (P,=13 and 
26 or 23 mm. Hg, respectively). 

Less easy to explain on the basis of the pulse volume is the pulsation seen in the Eisenmenger, 
transposition, or primary pulmonary hypertension groups for although the pulsation is generally 
somewhat less obvious it is none the less present with pulse volumes that are on the average con- 
siderably less than those we have so far considered. In all these cases, however, on account of the 
high peripheral resistance they have, the “ stored portion ” is high. It may be that this being so the 
rate of dilatation of the arteries in systole is greater and therefore more obvious on radioscopy 
although the amplitude may not be so great. It would be interesting to investigate this by means of 
electrokymographic studies. 

It seems, therefore, that in many cases a large pulse volume is the chief factor in producing 
visible pulsation, as can be readily understood, but even when this is small a high “ stored portion ” 
appears by some less obvious mechanism to be important; as already noted a high “ stored 
portion ” often occurs when the peripheral resistance and hence the arterial pressure is high, so 
that this latter mechanism is probably the one concerned in patients showing visible pulsation in 
whom there is hypertension without an increased blood flow. 

In all the diagnostic groups we have considered there are some patients who are disabled to a 
greater or lesser degree but the reasons why one patient should be disabled and another not are by 
no means clear. It is easy to visualize the mechanical effect of a pulmonary stenosis restricting the 
blood flow and producing disability, but, from our cases it is clear that the disability is not related 
to the severity of the stenosis alone (see Case 19 in Table III). The cause of disability in other 
groups such as those with left to right shunts is less apparent. We have noticed in the course of 
this study, and have already commented upon, a relationship that seems to exist between an increased 
pulmonary peripheral resistance and the presence of disability in all of these groups, even those \ ith 
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>ULMONARY CIRCULATORY HAEMODYNAMICS AND APPEARANCES OF THE PULMONARY ARTERIES ON RADIOSCOPY * 
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Elasticity | Peripheral | Pulse Pulsation 
Resistance | Resistance Pres- ae ameel oi, . Stored | Sizeof | we 
Age W E’/W | sure Vs Portion, Right | Peri 
Dynes Dynes. sec. (mm. (cm.3) | (cm.3) Av/Vs | P.A. | Right) Middle nee Hilar 
“CmS | cms Hg) ? P.A.| Third Tyj-q | Dance 
a ATRIAL SEPTAL DEFECT _ . 
7 500 60 8:3 15 110 40 0-364 ++ ++ ++ Ce | 
7 1500 100 15-0 25 128 22 0-172 ++ ++ (+) — _ 
oe —— ANOMALOUS PULMONARY VENOUS DRAINAGE ; 
19 800 170 4:8 35 177 58 0-328 ++ ++ + a |) = 
s 1100 700 1-6 32 69 39 0-566 ++ ++ + + = 
- VENTRICULAR SEPTAL DEFECT _ 
2 740 240 3:1 48 234 87 0-372 aa +4 +4 + + 
11 1000 200 5-0 53 236 71 0-301 ++ ++ + + | + 
8 2000 540 3°8 66 138 44 0-319 Tht) [PF |.. t+ ~- | + 
3 2000 410 49 32 69 21 0:304 (++(+);) ++ ++ ++ _ 
; EISENMENGER’S COMPLEX 
_ i- ie | 
| 44 5800 1800 3-2 67 38 15 0-395 ++ ++ ++ + | + 
33 4900 1900 2°5 54 32 15 0-468 ++ = 3 - _ _ 
TRANSPOSITION OF THE GREAT VESSELS 
13 2100 960 22 41 58 26 0-448 +++ 44+ + (+) - 
PRIMARY PULMONARY HYPERTENSION 
25 2600 1300 2-0 57 62 29 0-468 +++ + (+) _ _ 
19 2000 1100 1-8 32 39 21 0-538 ++ _ - - — 
22 6800 4000 1-7 48 21 9 | 0-428 '++(+)! ++ | + - — 
PULMONARY STENOSIS 
a 470 120 3-9 13 95 37 0-390 +(+) + (+) ~ _ 
) 9300 660 14-1 23 14 3 0-214 = _ — _ _ 
16 4000 390 10-4 26 37 9 0-243 _ _ — — 


* The data relating to radioscopic appearances were kindly supplied by Dr. Maurice Campbell. 
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tory adjustments, which we have already seen (vide Case 1) are normally able to accommoc¢ ate 
changes in blood flow such as are required on exercise, and that such loss of flexibility is an esseniial 
mechanism by which disability may arise whatever the anatomical abnormality present. Although 
the correlation we have observed has involved the peripheral resistance, this is probably only because 
it plays the predominant role in the regulating mechanisms and elasticity resistance changes may 
also affect the flexibility of adjustment. Our series has not, however, been sufficiently large to aliow 
of investigation of this point which, in the light of our observations regarding the relation between 
vessel size and elasticity resistance, may be of importance in understanding the significance of pust- 
stenotic dilatation of the pulmonary arteries in pulmonary stenosis. 

Another feature that we regard as of fundamental physiological importance has been noted to 
be common to all groups and that is the difference between the changes observed in the two circu- 
lations. The nature of these differences has already been stressed in each group and is well shown in 
the figures illustrating the circulatory dynamics. In all cases the systemic circulation is essentially 
normal or any adjustments found are directed towards maintaining normality of arterial pressure 
especially and also of blood flow where possible. In contrast the pulmonary circulation may suffer 


large changes from normal and these can sometimes be interpreted as being necessary, in view of 


the cardiac abnormality present, to assist the maintenance of normal conditions within the systemic 
circulation. Our findings, therefore, would suggest that the regulatory mechanisms of the systemic 
circulation are predominant and that such regulation as exists in the pulmonary circulation is sub- 
ordinate to the needs of the systemic. 


SUMMARY 


A method has been devised, using data obtained by cardiac catheterization studies and formule 
relating to the Windkessel (pressure reservoir) function of the arterial system, that enables the 
elasticity resistance as well as the peripheral resistance to be calculated for both systemic and 
pulmonary circulations. 

Sets of normal values according to age have been calculated for both circulations. These figures 
give a quantitative expression to the differences between the systemic and pulmonary circulations. 

The data obtained from cardiac catheterization studies on 24 subjects with congenital heart 
disease have been used and the findings are presented in groups according to the anatomical 
diagnosis; the patterns of the circulatory changes in these groups have been illustrated and described. 

Pulmonary hypertension has been observed in many patients and the different mechanisms of its 
production have been discussed with reference to the observed findings. It has been shown that in 
congenital heart disease it may result from a variety of circulatory changes requiring full analysis 
for their differentiation. 

In cases with pulmonary stenosis a relation has been observed between vessel size and the 
elasticity resistance in the pulmonary arterial system which is in agreement with the theoretically 
predicted relation and affects the circulatory dynamics. 

The relation between the elasticity resistance and the occurrence of visible pulsation in the 
pulmonary arteries on radioscopy has been examined, and it has been shown that these are probably 
connected by the influence of the former on the pulse volume or “stored portion” of the stroke 
volume in conditions either of increased flow or high pressure. 

A relationship has been observed in all groups between a high pulmonary peripheral resistance 
and disability; the significance of this has been discussed briefly. 

In all groups the circulatory patterns in the two circulations have shown striking differences: 
the systemic circulation is always adjusted towards normal whatever the changes in the pulmonary 
circulation. 


We wish to express our great indebtedness and thanks to Dr. Maurice Campbell for his encouragement and assist- 
ance in producing this paper and also for permission to report details of several of his patients. We also wish to thank 
Mr. R. C. Brock for the use of the case records of some of his patients and Dr. G. A. Zak for the catheterization 
results in Cases 8,20and21. Weare greatly indebted also to the Department of Medical Photography and Illustra’ ion, 
Guy’s Hospital, for preparing the figures for publication. 
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The precision of electrocardiographic diagnosis in cardiac infarction has shifted the interest 
from the clinical to the instrumental signs. Yet the diagnostic approach at the bedside remains 
clinical and is based on the presence of cardiac pain. 

It is well known that coronary pain may be absent in the course of acute cardiac ischemia. The 
incidence of coronary thrombosis without pain is difficult to assess since the selection of cases 
depends on the subjective appreciation of the patient and on the critical judgment of whoever takes 
the history. Some patients are too ill for a detailed history to be taken, in others discomfort in the 
chest or abdominal symptoms replace the pain; some of the published surveys include old infarctions 
in their material and so arrive at misleading conclusions. That explains the wide variation in 
incidence given as low as 2 per cent (Parkinson and Bedford, 1928) and as high as 42 per cent 
(Gorham and Martin, 1938); between these two extremes are the figures of 33 per cent (Boyd and 
Werblow, 1937) and of 4 per cent (Kennedy, 1937). 

If criteria for selection are rigidly applied, acute cardiac infarction without pain is a rare event. 
It occurs in two distinct groups of cardiac patients: in those in whom acute coronary occlusion 
supervenes during cardiac failure (Parkinson and Bedford, 1928; East et al., 1928; Papp, 1934), 
and in those in whom complete heart block is the first sign of cardiac infarction (Master et al., 
1938; Cookson, 1942). In the first group sudden increase of dyspnoea, in the second group syncope 
and Stokes Adams attacks, were described as the leading symptoms. All patients of the first group 
are severely ill and, if they survive the attack, they soon die of cardiac failure. The prognosis in the 
second group is equally grave and all four patients of Master et a/. (1938) with complete heart block 
died within ten days of the attack. In Cookson’s (1942) series, where syncopal attacks ushered in 
coronary thrombosis six out of ten patients died within four months. Exceptions are known and 
two out of five of Kerr’s (1937) patients with complete heart block after coronary thrombosis 
recovered and one lived for 11 years. 

In the present series out of a material of 150 cases diagnosed as coronary thrombosis with 
electrocardiographic signs of acute cardiac ischemia, there were 7 (4-6 %) in whom pain was 
completely absent; in another patient (Case 6) slight pain was present for a short time only. Three 
out of these eight belonged to the first group with congestive heart failure; these were the ones, out 
of fifteen patients with pre-existent heart failure in our series, in whom acute coronary thrombosis 
was not accompanied by cardiac pain. Two died and one recovered. The remaining five belonged 
to the second group where complete heart block appeared at the onset of cardiac infarction (3-3”, 
of the series). In four of these the electrocardiogram was confirmatory; complete heart block was 
present for one hour in Case 5, for 4 hours in Case 4, for 5 days intermittently in Case 6, and for a 
week or more in Case 8. In Case 7 no record was obtained during the hour while the pulse rate 
was 40; subsequent records showed normal rhythm with extensive posterolateral and possibly 
small anteroseptal infarction. There were no other cases with complete heart block in our material 
and except for Case 6 they have not experienced any cardiac pain. They all survived: Case 8 had 
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a slight coronary attack 18 years later with cardiac pain and without heart block from which he 
also recovered. 


ACUTE CARDIAC INFARCTION WITHOUT PAIN DURING HEART FAILURE (Three cases) 


The leading symptom was a sudden attack of orthopnoea with severe distress and cyanosis and 
with clinical and radiological signs of acute pulmonary oedema. The pre-existing congestive 
heart failure was due in Case | (Fig. 1) to generalized and progressive coronary narrowing and in 
Case 2 (Fig. 2) to previous extensive myocardial infarction and pulmonary infarcts. Both patients 
were desperately ill and survived for days only. The findings at necropsy proved the extensive 
damage to the heart; in each patient two main coronary branches were occluded. In Case 1 
the left ventricle was hypertrophied and both ventricles were dilated. The apex was thinned by a 
fresh infarction and mural thrombi were attached to the apical endocardium of the left ventricle. 
The anterior descending branch of the left coronary artery was occluded near its origin by a 
recent thrombus; the right coronary artery was almost completely obliterated by atheroma. Death 
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Fic. 1.—Case 1. Man, aged 66. Angina of effort for years, none for 3 months since in congestive heart 
failure. Admitted in acute pulmonary oedema, pyrexia 101°F. Improved under treatment; died suddenly 
two days later. No cardiac pain while in hospital. Record shows absence of R in I, II, CR3 and CRS; 
wide QS, dome-shaped R-T elevation in I, suggesting acute anterior infarction. For necropsy findings 
see text. 
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Fic. 2.—Case 2. Man, aged 56. Myocardial infarction twice, complicated by left 
femoral embolus, necessitating amputation of left leg after second attack in 1948. 
Admitted June, 1950, in congestive heart failure with pulmonary infarct. Died 
suddenly 6 days later in an attack of pulmonary oedema. No cardiac pain since 

last infarction. Record shows Q1, Q in CR5 with minute R, but no R-T dis- 

placement, —— old antero-apical scar. Auricular fibrillation. Coupling 
and sloping of R-T in II and III due to digitalis. For necropsy findings 
see text. 
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was due to left ventricular failure caused by myocardial infarction through recent thrombosis in 
the anterior descending coronary artery. 

The necropsy findings in Case 2 were similar. The heart was considerably enlarged, the right 
ventricle and atrium dilated. The anterior wall of the right ventricle was thinned to a thickness of 
2-3 mm. over an area about 4 cm. in diameter, due to an old thrombosis in the anterior descending 
branch of the left coronary artery. An organized mural thrombus about 2 cm. thick was adherent 
to the inner surface of the area of infarction. A recent thrombus was found in the posterior 
descending branch of the left coronary artery. There was an area of infarction 6 cm. in diameter in 
the base of the right lung; no major pulmonary embolus was found in the main branches of the 
pulmonary artery. 

While the diagnosis of acute infarction is evident in Case 1 from the electrocardiogram (Fig. |) 
itis not soin Case 2. The record taken the day after admission and four days before death does not 
show signs of recent infarction (Fig. 2). Death was thought to be due to massive pulmonary 
embolism and the pathological diagnosis of a recent coronary thrombosis came as a surprise. Thus 
in acute pulmonary oedema recent coronary thrombosis should be suspected as the cause and 
confirmation sought by frequent electrocardiographic recordings. 

Case 3 had a slight subepicardial infarction which was enough to produce left ventricular failure 
in a heart overtaxed by hypertension. The electrocardiogram (Fig. 3) shows the pattern described 
in slight coronary attacks (Papp and Shirley Smith, 1951) with the changes limited to the R-T period 
and the T waves only. There was no shock, the fall of blood pressure was only short lived, and 
pyrexia was slight. He was the only one of the three who survived. 
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Fic. 3.—Case 3. Man, aged 61. During discussion, sudden attack of breathlessness. Admitted from Casualty with 
pulmonary oedema and left ventricular failure; B.P. 230/140. Next day improved, B.P. 130/80; after 3 days 
B.P. 160/100. Slight pyrexia for 5 days. Uneventful recovery, never any chest pain. (A) Record on admission 
shows symmetrical, deeply inverted T waves, coving of R-T period in V2 and V4, suggesting subepicardial 
infarction. (B) 14 days later regression of signs. Shortening of R-T period due to digitalis. 


The absence of pain in coronary occlusion during ischemic heart failure has been explained 
by gradual narrowing of the artery through fibrosis, as opposed to sudden occlusion by throm- 
bosis in cardiac infarction with pain (Gorham and Martin, 1938). An alternative explanation 
offered by Boyd and Werblow (1937) is that the infarction occurs into a dead area where nerves 
and vessels are destroyed by previous ischemia. Neither of these theories can be applied to our 
cases where a fresh infarct was produced in a previously undamaged myocardial area. The 
explanation may be much simpler; acute respiratory distress and severe anginal pain can hardl) 


exist side by side. The sufferance of severe orthopncea accompanied as it always is, by feelings of 


tightness in the chest, overshadows the actual pain of cardiac ischemia, as cardiac pain often 
overshadows the feeling of palpitation when ectopic tachycardia arises during coronary attacks. |! 
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seems to be more a question of perception than of existent anatomical conditions that the sensation 
of air-hunger, the most important for maintenance of life, prevails over the less important: sensation 
of cardiac pain. In another 12 patients with congestive heart failure where a recent coronary throm- 
bosis did not produce respiratory distress pain was always ‘present. 


ACUTE CARDIAC INFARCTION WITHOUT PAIN IN THE PRESENCE OF 
COMPLETE HEART BLOCK (5 cases) 


The absence of pain in coronary thrombosis accompanied by complete heart block is generally 
ascribed to Stokes Adams syndrome; this ‘“* completely masks the other features of the occlusion 
such as pain ’’ (Master et al., 1938). White (1944) considered that the slight clinical disturbance 
accompanying coronary thrombosis with heart block was due to the smallness of the vessels supply- 
ing the A-V node. This argument can be easily refuted. Our Cases, 4, 6, and 7 had extensive 
infarctions as proved by the electrocardiogram (Fig. 4, 6, and 7) and the accompanying clinical 
syndrome (Table I), yet pain was absent. Case 8 had a posterior infarction with complete heart 
block and without pain in 1931 (Fig. 8), yet a small infarction without heart block in 1949 (Fig. 9) 
was accompanied by severe pain. Slight coronary attacks in absence of heart failure are always 
painful (Papp and Shirley Smith, 1951) and the extension of infarction can hardly be employed as 
a measure for pain. 

Evidently the absence of pain is intimately connected with the sudden appearance of complete 
heart block. If complete heart block is present for a long time the heart is able to compensate for 
the bradycardia with an increase in stroke volume and in blood pressure. If it arises suddenly as 
during cardiac infarction, the compensatory mechanism cannot come into play because of the 
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Fic.4.—Case 4, Man, aged 58. While working as a composer, felt sick, vomited repeatedly, and dropped down with- 
out losing consciousness. On admission at 10 a.m. looked shocked, but was fully conscious; pulse 100, regular, 
B.P. 60/30. At 3 p.m. rate suddenly fell to 36, at 7.30 p.m. suddenly rose to 80 and remained at a normal level 
all the time. Pyrexia for 3 days, W.B.C.’s 13, (000. Uneventful recovery with normal clinical and radiological 
heart findings at discharge. Never any cardiac pain. Records show (A) Complete heart block with simultaneous 
anteroposterior infarction; small RS in V1 with dome-shaped and elevated R-T; R-T elevation in LII and LIII 

with monophasic T waves. (B) P-R 0:24 sec., blocked auricular extrasystoles. a(e) and (D) P-R normal, usual 

regressive changes. 
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Fic. 5.—Case 5. Man, aged 67. Felt giddy on the road, perspired, vomited, and lost consciousness. On admission 
looked pale, but was conscious; no discomfort or pain in chest or arms on this or any past occasion. Pulse 38, 
regular; B.P. 150/120. One hour later, rate rose to 100 and remained 80-100. No pyrexia, W.B.C. 12,000. 
After few days B.P. 195/95. On discharge, 4 weeks later, no cardiac signs except for left ventricular hypertrophy 
consistent with hypertension. Records show (A) Complete heart block, right bundle branch block with antero- 
septal infarction; deep inversion of T in V1 and V3. (B) Left bundle branch block with R-F depression in LII. 
(C) Left bundle branch block with different QRS pattern in LII, the permanent feature. 


simultaneous fall of blood pressure, and syncope or Stokes Adams attacks may develop with a 
ventricular rate of 30-40 (see Cookson, 1942). Thus ventricular standstill and ventricular fibrilla- 
tion, the essential features of Stokes Adams attacks (Parkinson et al., 1941), may be absent. 

The syncopal attacks differed in our series from Stokes Adams seizures in another important 
respect: in four out of five patients there was no loss of consciousness (Table I). In fact Cases 4, 
6, 7, and 8 were able to give detailed accounts of what happened while they “ fainted.”” Evidently 
neither of them hadcomplete cerebral anoxemia. Haldane and Priestley(1935)in studying gradually 
increasing cerebral anoxemia describe the symptoms as follows: ‘* Power of memory is affected 
early. . . . Muscular co-ordination is also affected so that a man cannot walk straight. . . . Wi'h 
further increase in the anoxemia, power over the limbs is lost; the legs being first paralysed, then tle 
arms and finally the head. The senses are lost one by one, hearing being apparently the last to go. 
The sense of pain seems to be lost early and to return late during recovery from the anoxemia.”*  A\ 
these symptoms were present in our series; Case 4, though apparently fully conscious during t! ¢ 
* Our italics. 
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Fic;. 6,—Case 6. Man, aged 60. Perspired while travelling in the tube and when ascending escalator felt unsteady 
and had a dull pressure in epigastrium. On admission he had some pain in upper chest, relieved by morphia. 
Pulse 72, regular, B.P. 135/85. Next day developed pyrexia and the pulse fell to 29-32. For five days slow 
pulse alternated with normal rate; he did not notice the change, did not feel faint and had no recurrence of pain. 
Normal rhythm then bacame established and when discharged, one month later, except for the abnormal graph 

a there were no cardiac signs. Records show (A) Complete heart block with posterior infarction. (B) P-R 0-22 

sec., normal rhythm. 


eee SSS 








CORNELIO PAPP 






































































































































ETE 



















































































HINA 























— 
eeee es | t H } 
aS eRE jpoeescuyeaeas 
" 
a <—s 


- t 
=o -- STE T Terry . 
T pen ee SESE SS eey Fe 
H H +f +44 +4 me : 
' TritttT +4 eees sens sce: rtitt 
See Se eee ee tt esas ea: } 
+3 tEitd t ; SSS5 ses: ttt 
t TT t } 
} 
} 
































; 
| 






























































—- ~ SSSEEbESSagE ta cite: 
Fifi 1oU) FERRET 











pn 














beens 568 




















Seees Ses 





A B Cc 


Fic. 7.—Case 7. Spinster, aged 53. Had thyroidectomy for toxic goitre 8 years previously. While going to work 


in the morning felt faint, dropped down, was weak and helpless and short of breath, but never unconscious. On 
admission she looked pale and shocked, denied ever having had pain in chest, oppression, or indigestion; she 
gave a coherent account of what happened. Pulse 40, regular; B.P. 75/?._ No E.C. was recorded. After 1$ hours 
rate became normal and remained so during 7 weeks of hospital observation. Pyrexia for two days, W.B.C.’s 
11,000, B.S.R. 100mm. _B.P. 80/60-95/60 for a fortnight, 110/70 at discharge. Uneventful recovery with anti- 


coagulant treatment. Never any cardiac pain or oppression. Cardioscopy showed moderate enlargement of 


the heart; there was no failure. Four months later she was back at light work and had no symptoms. Records 
show (A) Extensive posterior infarction; absent R and slight T inversion in V1 suggests simultaneous antero- 
septal ischemia. Normal rhythm 24 hours after clinical heart block. (B) V1 now normal; QRS changes in 
VS suggest lateral extension. (C) Usual regressive changes. 
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TABLE I 
CLINICAL FEATURES IN CARDIAC INFARCTION WITH COMPLETE HEART BLOCK 





Blood pressure 








Case No. — Attack Unconsc. Pulse rate Pyrexia | W.B.C’s 
ex : bs 
adm. disch. 
58, M. Faint and vomiting — 36 60/30 130/80 3 days | 13,000 
67, M. Giddy and vomiting 38 150/120 195/95 — 12,000 
60, M. Faint and unsteady _ 100* on adm. | 135/85 140/75 2 days z 
32 next day 
53, F. Faint and weak — 40 80/60 110/70 2 days 11,000 
41, M. Dyspnoea — 42** 135/90 140/90 : 4 
*Pain on admission. ** Seen three days after attack. 


faint, did not remember details; Case 6 felt ** like drunk ’’ when ascending the escalator; Case 7 
felt ** weak and helpless as though she had no strength to move ’’ and except for Case 6, pain was 
absent in all. Pain in this patient began when he was in normal rhythm and had a normal blood 
pressure, but was absent during the attack and later when he had complete heart block. Stokes- 
Adams syndrome is therefore not the only syndrome of cerebral anoxemia caused by cardiac 
conditions. The combination of sudden bradycardia with fall of blood pressure, as it occurs in 
coronary thrombosis accompanied by complete heart block, causes partial cerebral anoxemia 
with depression of the sensory centres and thus suppresses cardiac pain. If heart block is inter- 
mittent and normal rhythm is restored before acute cardiac ischemia is over there may be some pain; 
this again disappears when complete heart block sets in. 

The electrocardiographic features are summarized in Table II. Complete heart block was of 
early appearance and transient in all. When it lasted for hours only, the transition was sudden and 
the successive electrocardiograms showed stable normal rhythm (Fig. 4, 5, and 7). When it lasted 
for days (Fig. 6) or weeks (Fig. 8) there was alternation between block and sinus rhythm and the 
reversion to normal was gradual through a period of latent heart block which may have been 
present for weeks (Case 8). Associated right bundle branch block was present in two cases (Fig. 
5 and 8). It was temporary in both; in one the ventricular complexes became normal (Case 8) 
in the other (Case 5) they reverted to left bundle branch block which became the permanent electro- 
cardiographic feature. Posterior infarction was present in three; in Case 5 (Fig. 5) there was an 
anteroseptal pattern and in Case 4 (Fig. 4) the precordial leads showed anteroseptal and the limb 
leads posterior patterns; some signs of anteroseptal ischemia were present in Case 7 (Fig. 7) as 
well. The frequency of posterior infarction in association with complete heart block has been 
frequently emphasized since the artery of the node, in 92 per cent of all hearts, derives from the right 
coronary artery. The simultaneous association of anterior with posterior patterns in septal infarc- 
tion was described by Roesler and Dressler (1947) who found this pattern in 5 cases with necropsy 


TABLE II 
ELECTROCARDIOGRAPHIC FEATURES IN CARDIAC INFARCTION WITH COMPLETE HEART BLOCK 








Case No.| C.H.B. duration P-R + B.B.BI. Infarction 
4 4 hours = —- ant.-post. 
5 1 hour 0-22 R.; next day L. ant.-sept. 
6 5 days and off 0-22 — post. 
7 14 hours (?)* -— — post-lat. 
8 | 7 days + 0:34** R., later post. 
0-267 normal 


C.H.B.=complete heart block; B.B.Bl.=bundle branch block; R.=right; 
L.=left. *NoE.C. ** After four weeks. 7 After ten weeks. 
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Fic. 8.—Case 8. Man, aged 41. Obese, no previous medical history. Seen in consultation by Dr. K. Shirley 
Smith in Jan., 1931. Few days previously attack of sudden dyspnoea while climbing two flights of stairs: felt 
faint, looked pale, tut did not lose consciousness. Bradycardia since. Never any chest pain. Pulse 42-48, 
at times irregular, B.P. 135/90, normal heart. Rate became normal after one week; three months later he was 
well. Records show (A) Complete heart block with right bundle branch block (QRS 0-11). (B) P-R 0:36 sec.; 
QRS normal. Q3 and bowing of R-TIII suggest posterior infarction. (C) P-R 0:26 sec.; auricular extra- 
systoles W complexes in LIII. 
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Fic. 9.—Case 8. Eighteen years later, one week after prolonged coronary pain followed by angina of effort. 
(A) Anterolateral subepicardial infarction, normal rhythm. (B) Restoration towards normal. 





control. Though heart block was transient in our series, there are strong arguments suggesting that 
permanent heart block and bundle branch block may arise through a similar mechanism. Out of 
a series of 117 cases with atrioventricular block only 12 per cent had “ clinical’? myocardial 
infarction and only 9 per cent suffered from angina pectoris (White, 1944). Since atrioven- 
tricular block is mainly an arteriosclerotic disease the suspicion is well founded that the first syncopal 
attack in the life of many of these patients may be an unnoticed cardiac infarction without pain. 
The favourable outcome in our series contrasts with the grave prognosis generally given. 1 his 
may be only partly explained by the lower ages; the average age of our cases was 57 as contrasted 
with 60 in those of Master et a/. (1938) and with Cookson’s (1942) series where five out of ten 
patients were over 70. Complete heart block in cardiac infarction may not necessarily mean severe 
septal necrosis and consequent interruption of the bundle or severe damage to the A-V node. __ In ‘act 
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in 14 cases of Myers et al. (1949), with extensive infarction of the posterobasal part of the intraven- 
tricular septum, not one had atrioventricular block. Transitory oedema or ischemia of both bundle 
branches or of the Purkinje fibres in the lower part of the septum may cause complete heart block 
without interference to the vital structure of the node or the bundle. The transformation from 
complete heart block and right bundle branch block into sinus rhythm and left bundle branch block 
in Case 5, may be so explained (Littman, 1949). A lesion to the bundle or the node may also be 
repaired under favourable circumstances by the existing septal anastomotic channels (Laubry et a/., 
1948). The ultimate prognosis therefore depends on the extent of the infarction; whether this is 
large (Cases 4, 6, and 7) or small (Case 8), complete heart block will be only a symptom in either event. 


SUMMARY 


Complete absence of pain during acute cardiac infarction was observed in 7 out of 150 cases 
(46%). Slight pain was present in an eighth case also included in the series. 

Three patients had congestive heart failure with cardiac infarction. Two died and at necropsy 
were found to have extensive arteriosclerotic heart disease with occlusion of more than one main 
coronary artery. The third who survived had a slight cardiac infarction during an attack of cardiac 
asthma. Acute paroxysmal dyspneea was the main symptom in all; it is thought this may over- 
shadow coronary pain and thus explain its absence in the severely ill. In another 12 patients with 
pre-existing congestive heart failure, in whom recent coronary occlusion did not produce acute 
respiratory distress, pain was present. 

Five patients had complete heart block during the attack and these were the only ones with 
complete heart block in the series (3-3°%). In four there was complete absence of pain; in the fifth 
who had intermittent heart block pain appeared when he reverted to normal rhythm during the 
attack. Complete heart block was recorded in four; it was transient in all and lasted from one and 
a half hours to one week or more. In one patient no record was obtained during the hour while 
the pulse rate was 40. The electrocardiogram showed posterior infarction in three, anteroseptal 
infarction with right bundle branch block and later left bundle branch block in one, and antero- 
posterior infarction in one. All patients recovered; Case 8 had a small anterolateral infarction 
accompanied by pain, but not by heart block, 18 years later, from which also he recovered. Faintness 
with a pulse rate of 30-40was the main clinical symptom, but, complete loss of consciousness occurred 
only in one patient. These attacks differ from classical Stokes-Adams attacks in so far as ventricular 
standstill, ventricular tachycardia, and therefore complete loss of consciousness may be absent. 
Sudden fall of pulse rate accompanied by fall of blood pressure, as it occurs in complete heart block 
during acute cardiac infarction, may induce incomplete cerebral anoxemia only; this causes 
faintness without loss of consciousness, but with loss of sense of pain. The difference as opposed to 
classical Stokes-Adams attacks lies in the different mechanism causing a lesser degree of cerebral 
anoxemia. 

Prognosis in cardiac infarction without pain and complicating heart failure is serious. With 
complete heart block it may be Jess severe than is generally accepted since transient block may be 
a sign of only temporary ischemia of the conducting system. 


I wish to thank the Physicians of the Charing Cross Hospital for permission to make use of patients under their 
care, Dr. K. Shirley Smith for the private notes on Case 8, and Miss Anne Smith, cardiographic technician to the 
hospital, for electrocardiography and mounting. 
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THE GRAPHIC CONFIGURATION OF APICAL 
DIASTOLIC MURMURS 
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lt is generally accepted that a rumbling diastolic murmur at the apex may occur in left ventri- 
cular dilatation without abnormality of the mitral valve. The Austin Flint murmur may arise in 
this manner or may perhaps be caused by the backward displacement of the anterior mitral leaflet 
by the regurgitant bloodstream. Such murmurs are difficult to differentiate from the murmurs of 
mitral stenosis, and phonocardiography has hitherto been of little assistance. 

Since the analysis by Rappaport and Sprague (1941, 1942) of the physical laws that govern 
auscultation and of the ideal requirements of the phonocardiograph it has become clear that the 
instruments previously used were highly unsatisfactory. The object of this paper has been to 
make a study of apical diastolic murmurs with the latest ** logarithmic” phonocardiograph. This 
study has produced results that may well enable the differentiation to be made between the 
murmurs of left ventricular dilatation and of mitral stenosis. Since the features on which this 
differentiation is based can only be properly recorded when the frequency response of the phono- 
cardiograph is “* logarithmic” it is necessary briefly to review the problem of frequency response. 


THE FREQUENCY RESPONSE OF PHONOCARDIOGRAPHS 


Movements of the heart beat cause vibrations to be set up in the chest which are conducted to 
the chest wall. These vibrations range in frequency from | to 1000 cycles per second. Those 
from | to 20 cycles per second are not audible. They are often of considerable intensity and are 
responsible for the cardiac impulse. When all vibrations from 1 to 1000 cycles per second are 
recorded so that their height is directly proportional to their energy the instrument is said to have 
a linear frequency response (from 1 to 1000 cycles). The low frequency vibrations dominate a 
“linear” phonocardiogram in such a manner that if the tracing is only a few centimetres in height 
the heart sounds and murmurs cannot be identified. Such a tracing from the apex is nevertheless 
of great value as a reference tracing and is called the ‘** apex cardiogram.” 

The human hearing mechanism is sensitive to vibrations of 1000 cycles per second, but the 
sensitivity falls off in a logarithmic manner as the frequency is reduced to 20 cycles per second. 
If the phonocardiograph is so constructed that the sensitivity is reduced over the frequency range 
in exactly the same manner then it is said to have a “ logarithmic ”’ frequency response. This 
tracing should reproduce heart sounds and murmurs with a visual configuration exactly similar to 
the auditory impression on auscultation. If a faint high pitched murmur is audible as in minimal 
aortic regurgitation it will be recorded on the tracing even though the latter may not be more than 
a few centimetres in height. The reason for this is that the low frequency vibrations of many 
thousand times the energy have been attenuated. If the logarithmic attenuation of the lower 
frequency vibrations were removed (so that the response is again linear) the tracing might reach 
the height of over a hundred metres. If the frequency response were intermediate between the 
logarithmic and linear the tracing would remain impracticably large. If the height of the tracing 
were reduced the 1 mm. vibrations that were audible will become too small to be identified. 
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METHOD AND MATERIAL 


The introduction of a high quality logarithmic phonocardiograph has enabled even the faintest 
murmur of aortic regurgitation to be consistently recorded, and the technique and results have been 
reported by Wells et al. (1949). An identical technique was used in this study, and the instruments 
used were the Sanborn Tribeam * and Sanborn Stethocardiette phonocardiographs. 

Since there has been extensive study of the lower frequency components of apical diastolic 
murmurs the tracings analysed were all logarithmic records, and attention was paid mainly to the 
high frequency features in these tracings since these were the features that had not been satis- 
factorily studied before. 

This study consists of the analysis of one hundred logarithmic phonocardiograms showing 
significant apical diastolic vibrations not due to normal third or auricular sounds. Vibrations 
were considered “ significant ’ if they showed a period of maximal or minimal intensity that was 
repeated in subsequent cardiac cycles. The third sound was considered normal if it started im- 
mediately before the apex of the Rl wave of the apex cardiogram, and had a duration of not 
more than 0-16 seconds. The auricular sound was considered to be such when the vibrations 
were of low frequency and started after the onset of the P wave of the electrocardiogram. Tracings 
were excluded if the diastolic vibrations had a similar configuration to those recorded from the base 
and were apparently conducted from a basal diastolic murmur. Apart from these considerations 
the tracings were consecutive records from different patients. 

It is clear that the composition of this material depends entirely on the patients selected for 
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Fic. 1.—Synchronous phonocardiogram and apex cardiogram. 


phonocardiography. In general tracings were taken whenever there was difference of opinion a 
to the auscultatory findings or their clinical significance, or from patients in whom there was 
cardiac dilatation with no audible murmur, to investigate the possible existence of inaudible 
vibrations. Comparatively few tracings were taken on patients with longstanding mitral stenosis 
and unequivocal physical signs. There is therefore only a small number of patients in whom 


* Tracings taken when working on Ella Lyman Cabot Fellowship at Massachusetts General Hospital. 
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an abnormal first sound and opening snap of the mitral valve were heard, for these signs are often 
present in well established mitral stenosis. 

Since the tracings were selected because they showed significant diastolic vibrations there was 
not necessarily a diastolic murmur on auscultation. Indeed, 14 of the cases were considered on 
auscultation to have no diastolic murmur, and in a further 9 a diastolic murmur was considered 
questionable. In the remaining 77 cases the diastolic vibrations were considered to represent the 
diastolic murmur heard on auscultation. 


CONFIGURATION OF APICAL DIASTOLIC MURMURS 


The onset of the diastolic vibrations constituting the murmur is characteristically at the time of 
the apex of the RI wave of the apex cardiogram (Fig. 1). Between the second component of 
the second sound and the onset of the diastolic vibrations there is usually either complete silence (as 
in Fig. 1) or else a few high frequency vibrations attributed to the opening snap of the mitral valve 
(Fig. 2). The latter sound occurs at the time of onset of the Rl wave. In rare instances the 
diastolic vibrations commence at the time of opening of the A-V valves but increase markedly in 
amplitude at the time of the third sound. The vibrations that sometimes precede the A-V 
opening may be the third component of the second sound, vibrations transmitted from a basal 
diastolic murmur or part of a continuous mediastinal hum. They do not appear to be related 
to the apical diastolic vibrations under discussion. 

The maximal intensity of the diastolic vibrations is just after the apex of the RI wave of the 
apex cardiogram, and thereafter the vibrations show a continuous diminution in intensity and 
may become absent if diastole is prolonged (Fig. 2). In a few cases, however, the intensity of 
the vibrations appears relatively unchanged throughout diastole (Fig. 3). 

In the 29 patients with auricular fibrillation or flutter a presystolic increase in the apical diastolic 
vibrations was never present nor was a presystolic murmur audible in these patients. In the 71 
patients with sinus rhythm a presystolic increase in the vibrations was present in 34 although a 
presystolic murmur was recognized on auscultation in only half this number. In only one patient 
were there presystolic vibrations on the tracing without significant vibrations earlier in diastole. 

\mong the 37 patients with no presystolic increase in vibrations a presystolic murmur was 
believed to be present in 7. Alimurung et al. (1949) have recently discussed the reason for this 
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Fic. 2.—Upper tracing phonocardiogram. Lower tracing apex cardiogram. 





264 B. G. WELLS 


auscultatory impression and point out that a crescendo configuration of the first heart sound causes 
the auditory illusion. This explanation did not seem to apply to two of the present series but the 
remaining five showed a pronounced crescendo configuration of the first sound (Fig. 4). It seems 
probable that this illusion may explain how a presystolic murmur is sometimes believed to be 
present in cases of auricular fibrillation. An alternative situation in which a presystolic murmur 
is believed present is illustrated in Fig. 5. Here the interpretation is that there is a loud systolic 
gallop simulating an abnormal first heart sound. The normal first sound preceding the gallop 
was responsible for the auditory impression of a presystolic murmur. The true presystolic murmur 
starts before the onset of the QRS of the electrocardiogram (Fig. 6), and may occur in the absense 
of a systolic murmur. 

The significance of apical diastolic vibrations appears, however, to be dependent less on their 
configuration than on the appearance of the first heart sound and the opening snap which wil! now 
be discussed. 
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Fic. 3.—Phonocardiogram of patient with mitral stenosis and auricular fibrillation 
showing a diastolic murmur of fairly constant intensity. 
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Fic. 4.—Crescendo first heart sound without presystolic murmur. A presystolic murmur 
had been diagnosed on auscultation. 
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Fic. 5.—Normal first sound followed by a loud early systolic ‘* gallop.” This 
combination sounded on auscultation like an abnormal first sound preceded 
by a presystolic murmur. 
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Fic. 6.—Typical presystolic murmur. Note the presystolic vibrations start before the onset of the 
QRS complex although the P-R interval is only 0-15 sec. 











First HEART SOUND AND VIBRATIONS OF A-V OPENING 


\ccentuation of the first heart sound on auscultation is often characteristic of mitral stenosis. 
sound is usually also of higher pitch than normal. There are, however, many cases of long- 
ding mitral stenosis in which the first heart sound is of low intensity or masked by being 
»wed immediately by a systolic murmur. The present study indicates that the first sound may 
‘rtheless be abnormal on the phonocardiogram. The abnormality consists of unusual delay 
he onset of the maximal vibrations of the first sound; it was first discussed by Cossio and 
onsky (1943). We have found this feature more significant than abnormality of frequency 
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or intensity of the sound. Although the electrocardiogram is considered unsuitable as a guide to 
mechanical events in the cardiac cycle it is probably sufficiently accurate to determine whethe: or 
not the first sound is abnormally late. We have considered that the maximal vibrations of the 
first sound should normally start within 0-06 sec. of the onset of the QRS, and that if they 
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Fic. 7.—On the left is a “* late ’’ first sound occurring 0-08 secs. after the onset 
of the QRS. On the right is a normal first heart sound occurring less 
than 0-06 secs. after the onset of the QRS. 


occur at 0-07 sec. or more the sound should be classified as “* late” (Fig. 7). The first sound was 
late in 51 tracings of the present series and in 44 of these the maximal vibrations of the first 
sound were delayed enough to occur at or after the termination of the QRS complex. Of the 
51 cases with late first sounds there were only 23 in which the first sound had been thought ab- 
normal on auscultation, while in 4 of those with a normal first sound on the tracings it had been 
thought abnormal on auscultation. 

Vibrations of A-V Opening. The tracings were considered to show vibrations due to open- 
ing of the mitral valve when there were high frequency vibrations occurring at the time of 
onset of the Rl wave on the apex cardiogram (Fig. 2). An opening snap is often audible in 
established mitral stenosis and has been recorded graphically by most workers. The vibrations 
of an opening snap are of high frequency but sometimes of low intensity and it seems improbable 
that such phonocardiographs as are unable to record the faint basal diastolic murmurs should 
record these vibrations. In the present study the vibrations of an opening snap were present in 
42 cases although an opening snap was only audible on auscultation in six. 

The first reason why such vibrations might not be audible is that when the second heart sound 
is loud it may tire the human hearing mechanism and this would cause failure to hear a sound 
of low intensity occurring as it does within an interval of 0-1 seconds. Secondly, a loud systolic 
murmur that may mask the second heart sound could exert a similar effect. Finally, the 
opening vibrations may be mistaken for the second heart sound in such circumstances, unless te 
procedure described by Levine and Harvey (1949) of “inching ”’ from base to apex is practised. 
The reason why so few opening snaps. were heard in the present series is, however, that clear-cut 
cases of mitral stenosis constituted a very small percentage of the series. 
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CLASSIFICATION BY COMBINATION OF FIRST SOUND AND OPENING SNAP 


Tne late onset of the first sound and the presence of vibrations at the time of A-V opening 
are both in all probability manifestations of organic disease of the mitral valve. It is not surprising, 
therc'ore, that their incidence is closely associated. The importance of this association has deter- 
mined the grouping of the present series into the four groups. 


Group 1. Normal Ist sound, opening snap absent. 48 cases. 
Group 2. Late lst sound, opening snap present. 41 cases. 
Group 3. Late Ist sound, opening snap absent. 10 cases. 
Group 4. Normal Ist sound, opening snap present. 1 case. 


teed I. 
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Fic. 8.—On the left there is a normal first sound and no opening snap. On the right there is a 
late first sound and opening snap. Neither of these features was audible on auscultation. 


Fig. 8 shows examples from Groups | and 2 despite the fact that the findings on auscultation 
in these two patients were similar. Indeed, if the abnormality of the first sound and the presence 
of an opening snap on auscultation were used for a similar classification there would only be 6 
patients in the second group and 21 in the third, while the remaining 73 would be in the first group. 

The sub-division of cases into four groups has been used in presenting some features of the 
series. Table I gives the age of the patients and shows that most of the children under ten fell 
into the first group. It also shows the clinical diagnosis of the patients. There are only five in 
the second group whose clinical diagnosis was not rheumatic heart disease. The nature of the 
tracings suggests, nevertheless, the presence of mitral stenosis, and the follow-up of these patients 
will be interesting. Only one has died and she had been classified as congenital heart disease. 
Autopsy revealed mitral stenosis in addition to the other defects and the case is mentioned below 
(Fig. 11). Table II shows the relationship between the four groups and the auscultatory findings. 
This shows that four cases belong to Group 2 despite the absence of a diastolic murmur on 
auscultation. The presence of a late first sound and opening snap on the tracings nevertheless 
suggests the presence of mitral stenosis. 
systolic murmur was present in most of the patients in this study. It was sometimes con- 
ducted from a basal murmur of aortic stenosis or of a congenital malformation. At other times 
it Was attributed to mitral regurgitation. Clinical experience suggests some relationship between 
the loudness of the systolic murmur of mitral regurgitation and the diastolic murmur of mitral 
Stenosis. White (1944) states that ‘‘ the louder one of these murmurs the less intense the other 
and ‘f either murmur is marked the other is usually absent.” Table III] shows the phonocardio- 
grap vic findings in this group. A standard sound source of constant intensity (500 cycles per 
seco .d at 80 decibels above the threshold of audibility) was used to measure the intensity of the 
vibr: tions. This was not available during the latter part of the study and the assessment of in- 
tens: ies was then less accurate. The only constant impression from this analysis was that in the 
pres nce of sinus rhythm with a presystolic murmur systole was always relatively silent. 
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TABLE I 


AGE GROUPS AND CLINICAL DIAGNOSIS OF PATIENTS CLASSIFIED BY 
COMBINATION OF First SOUND AND OPENING SNAP 




















Age Group 1 | Group 2 | Group 3 | Group 4 Total 

Under 10 | 21 3 | 1 | 0 | 25 

11-20 10 10 a 1 24 

21-30 5 11 1 0 17 

31-40 | 2 9 2 0 13 

41-50 , z 1 0 8 

51-60 | 2 5 1 0 8 
Over 61 | 3 1 1 0 5 
Total | 


e |); “a | 0 





| 


Diagnosis | Group 1 | Group 2} Group 3} Group 4 | 


“a 





Mitral stenosis | 26 36 5 0 ‘| 730. 
Rheumatic | 5 0 1 0 } ae 
Congenital 8 y 1 0 

Syphilitic 2 1 1 0 } 2TH, 
Other conditions | 7 2 Z 1 





TABLE II 


AUSCULTATORY FINDINGS IN RELATION TO First SOUND AND 
OPENING SNAP 





| 
Diastolic murmur | Group | Group | Group | Group 
4 








on auscultation | 1 | 2 3 
Definite ey ot a | 37 | 8 0 
Questionable .. eel 9 yo 2 1 
Absent a ae | 7 | 2 | 0 0 

TABLE III 


PHONOCARDIOGRAPHIC FINDINGS IN RELATION TO RHYTHM 





— Total 























Rhythm | Systolic | Group | Group | — 
| vibrations | 1 2 | 

; ' mee Slight 6 | Wt 2 i | 20 
Sinus rhythm with presystolic vibrations folios | 5 | 0 0 | 0 | 5 
Sinus rhythm without —— vibra- | Slight 15 4 | 4 0 23 
tions a .. | Intense 6 | 8 0 0 | 14 
Auricular fibrilation,etc... .. .. | Slight | $ | 7 | 3 | Oo 5 
Intense | 11 | 1 | 0 | $ 

DISCUSSION 


The value of phonocardiography in the diagnosis of heart disease will only be established when 
there has been a careful correlation with operative or necropsy findings. One of the steps towards 
this is the demonstration that certain patterns exist on graphic records which suggest the pre ence 
of certain pathological conditions. The phonocardiographic classification on the basis of th. late 
first sound and opening snap is very different from any possible classification on auscultatory find- 
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ings “lone. It is suggested that such a combination indicates the presence of mitral stenosis and 
that ‘he absence of such features indicates merely left ventricular dilatation. This postulate is 
supported by a few autopsy findings. 








Fic. 9.—Systolic and diastolic murmurs in left ventricular 
dilatation (mitral valve normal at autopsy). 


Case 1. A man, aged 48, with cardiac enlargement and congestive failure had a somewhat variable 
diastolic rumble at the apex. The tracings (Fig. 9) showed that the first heart sound was absent rather 
than delayed and there was no opening snap. Necropsy revealed a normal mitral valve with marked left 
ventricular dilatation. 

Case 2. A man, aged 37, was diagnosed thirty years previously as having rheumatic heart disease. An 
apical diastolic murmur during the present admission was considered evidence of mitral stenosis. The 
phonocardiogram (Fig. 10) showed slight apical diastolic vibrations with presystolic accentuation. The 
first heart sound was not late and there was no opening snap. Necropsy revealed an extremely large patent 
ductus arteriosus with normal mitral valve and left ventricular dilatation. 
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Fic. 10.—Diastolic and presystolic murmurs in patent ductus arteriosus (mitral valve 
normal at autopsy). 


Case 3. A woman, aged 22, with cyanotic congenital heart disease had a presystolic murmur. The 
tracing (Fig. 11) showed the first heart sound was late and there was an opening snap. Necropsy revealed 
rheumatic mitral stenosis in addition to the tetralogy of Fallot. 


he study of the various patterns of tracings with diastolic vibrations enables better understand- 
ing of those cases in which no diastolic murmur was present on auscultation. Auscultation had 
reve led no abnormality of the first sound and no diastolic murmur in one patient with congestive 
hea’: failure. The phonocardiogram, however, showed a late first sound, an opening snap, and 
vibrations in diastole like those of a diastolic murmur. This patient was therefore believed to 
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have mitral stenosis. In another patient there were significant diastolic vibrations on the ph )no- 


cardiogram without audible murmur. Because of a normal first sound and no opening snaj the 
tracing was considered to indicate left ventricular dilatation. 
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Fic. 11.—Abnormal first sound and “ opening snap” in Fallot’s tetralogy (autopsy revealed 
mitral stenosis in addition to other abnormalities). 


SUMMARY 


Recent technique and apparatus has enabled the faint diastolic murmur of aortic regurgitation 
to be consistently recorded for the first time. The same technique has been applied here to in- 
vestigate in particular the high frequency components of tracings of apical diastolic murmurs. 

One hundred tracings showing significant apical diastolic vibrations were analysed and the con- 
figuration of the vibrations described. Nearly half of the tracings showed both an abnormal delay 
in the onset of the maximal vibrations of the first sound and a series of high frequency vibrations 
at the time of A-V openings. It is considered probable that the occurrence of these two features 
indicates mitral stenosis although there is usually no auscultatory evidence of their presence. 
When diastolic vibrations occur without a late first sound and without an opening snap it seems 
probable that there is no mitral stenosis. 

The validity of these postulates is unproven and awaits further confirmation by necropsy. 
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the cathode-ray beam has minimal inertia and is fully damped. 


by electrical filters. 


a 


—j 


to mechanical events such as heart sounds and pulse waves. 


DESCRIPTION OF PRESENT INSTRUMENT 


- 


gr:ph. These will now be described in turn. 


(Fg. 2). on 











A phonocardiograph employing a cathode-ray tube is the theoretical ideal since the natural 
frequency of the instrument is sufficiently high to avoid distortion of the vibrations to be recorded, 
the amplitude of the deflections is directly proportional to the movements which excite them, and 


With any of the popular recording devices it is possible to obtain some sort of record of the 
vibrations produced in the front of the chest by the beat of the heart. Such a record has little 
resemblance to the sounds heard on cardiac auscultation unless the low-frequency elements are 
filtered off so that the remaining deflections on the record correspond to vibrations of audio-fre- 
quency. A faithful record of vibrations of all frequencies is called a linear phonocardiogram, one 
in which the low frequency vibrations are attenuated as by the introduction of an ordinary stetho- 
scope is called a stethoscopic phonocardiogram, and a record in which the low-frequency attenuation 
of the stethoscope as well as the poor low-frequency response of the human auditory mechanism 
have been imitated is called a logarithmic phonocardiogram. Such logarithmic attenuation of the 
low-frequency vibrations in imitation of that inherent in auscultation is most conveniently achieved 


An electronic phonocardiograph using a single-beam cathode-ray oscillograph was employed 
by Boone (1940). This instrument merely recorded the linear phonocardiogram without any refer- 
ence tracing. Kountz et al. (1940) recorded linear phonocardiograms with a cathode-ray 
oscillograph; the electrocardiogram (lead II) was recorded as a reference tracing at the same 
time. Donovan (1944) employed a double-beam cathode-ray oscillograph as the recording device. 
Electrical filters were incorporated in the amplifier system to give sufficient attenuation of the low 
frequencies for the recording of stethoscopic phonocardiograms, and the reference tracing recorded 
on the other beam was either the electrocardiogram or the jugular venous pulse. Later, in 1948, 
Donovan preferred the logarithmic phonocardiogram because it is the only one comparable to 
ditory findings, and the phlebogram was preferred as the reference tracing because the electrical 
activity of the heart as indicated by the electrocardiogram does not bear a constant time-relationship 


Fig. 1 is a block diagram of the present instrument. There are four main units, the preamplifier, 
audiofrequency amplifier, the low-frequency amplifier, and the double-beam cathode-ray oscillo- 


Preamplifier. An amplifier giving at will any one of a range of suitable frequency response 
cu, ves has been described by Cowen and Parnum (1949). As their circuit was designed to activate 
a tring galvanometer, we had to modify the circuit for use with the cathode-ray oscillograph 
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Fic. 1.—Block diagram of electronic phonocardiograph. 
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Fic. 2.—Circuit diagram of preamplifier. Capacitor values in microfarads. Resistor values in M (10° ohms) 
and K (10° ohms). 


The output from a crystal microphone is applied to the grid of V1, which is connected as a con- 
ventional stage of amplification. The switch in the anode circuit gives a step control of gain (ratio 
of 4 to 1) by reducing the anode load, and the 2-megohm potentiometer gives continuous gain control. 
V2 is a cathode follower whose low output impedance facilitates the design of the filter network. 

At setting 0, a linear phonocardiogram is obtained. At settings 1, 2, and 3, single-stage resis- 
tance-capacitance filters, having time-constants of 0-0068, 0-0013, and 0-00034 seconds respectively, 
are provided. At settings 4 and 5 a two-stage and three-stage filter respectively are introduced, ‘he 
time-constant of each additional section being 0-00034 seconds. These filter values closely follow 
those of Cowen and Parnum. 
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the filter network is followed by a further stage of amplification (V3) and another cathode 
follower (V4) so that the output signal is unaffected by the capacitance of the screened lead to the 
finai amplifier. 

The power supply is conventional. V5 stabilizes the H.T. voltage supplied to V1, V2 and V3. 
The supply to V4 must be taken from another point in the smoothing circuit to decouple this stage 
from the earlier ones and prevent oscillation. 

Frequency response curves for the preamplifier are shown in Fig. 3, relative to the response at 
1000 cycles per sec. (c/s). The broken line shows the response of the human ear, relative to its 
response at 125 c/s based on a curve given by Fletcher (1948). 
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Fic. 3.—Frequency response curves of preamplifier compared with normal auditory response. The 
figures 0, 1, 2, 3, 4, and 5 refer to positions of filter switch on preamplifier. Interrupted 
line represents normal auditory response (Fletcher, 1948). 


For any filter setting, the maximum gain of the amplifier is approximately 72 decibels at 1000 c/s. 
W th the filter set to position 4, and gain set at maximum, the maximum output voltage froni the 


he rt sounds of a typical subject is about 0-45 v. peak-to-peak, the lowest encountered being about 
0:3 v. 
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Audio-frequency Amplifier. The output of the preamplifier can be applied to the amplifier; of 
a commercial cathode-ray oscillograph. In our apparatus, since an output suitable to drive a 
loud speaker is desired, the preamplifier output is connected to a standard audio amplifier, nar ely 
that described by Williamson (1951). The output transformer has been wound with a 600-ohm 
secondary winding in addition to the low impedance winding for the speaker, enabling both the 
cathode-ray tube and the speaker to be supplied by the same amplifier. 

Low-frequency Amplifier. This is a fairly straightforward biological amplifier which has g' ven 
excellent results in the recording both of the cardiogram and of the phlebogram. It consists of a 
stage of push-pull amplification using a 6SN7 double triode, followed by a Toennies compressor 
Stage, also using a 6SN7, and followed by two stages of single-sided amplification using SP61 pen- 
todes. The amplifier is resistance-capacitance coupled throughout, with time constants of 4 sec. 
A stepped gain control is provided between the second and third stages, and variable negative 
feed-back over the two final stages provides a continuous control of gain. The first two stages 
are battery operated both for L.T. and H.T. supplies. The two later stages are mains driven, with 
A.C. heater supply and stabilized H.T. 
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Fic. 4.—Logarithmic phonocardiograms from the mitral area of a healthy subject. Reference tracings: 
electrocardiogram, lead II (E.C.G. If) and jugular venous pulse (Jug. V.P.). 1, 2, 3, heart 
sounds; SM, systolic murmer. 


This amplifier may be used either for detecting cardiographic potentials or for recording the 
jugular phlebogram. Cardiogram leads are connected directly to the input of the amplifier. 
The phlebogram may be recorded by piacing over the external jugular vein a flat cup from a 
Mackenzie polygraph and connecting it by rubber tubing to a crystal microphone: the microphone 
in turn is connected to the input of the low frequency amplifier. 

Cathode-ray Oscillograph and Camera. The cathode-ray oscillograph unit consists of a Cossor 
double-beam tube (type 89J) with power supply (2000 v.) and voltage adjustments for brilliarce 
and focus. A slow time base is provided to aid visual observation. This time base is stopped 
during recording while the recording paper or film is run past horizontally. 
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Xecords are made with a Cossor camera (type 1428), with motor drive attachment, at a film 
speed of 1-2 inches a second on Ilford recording paper (B.P.1). 

\ small filament lamp is mounted near the oscillograph screen. A small synchronous motor 
and commutator activate the lamp 10 times a second to give timing marks. 


RECORDS 


Fig. 4 is an example of logarithmic phonocardiograms obtained with this instrument. 
These records were taken from a healthy subject with a well marked physiological third heart 
sound and an ‘‘ innocent” systolic murmer. 


SUMMARY 


An adaptable apparatus is described for general-purpose phonocardiography. The instrument 
employs crystal microphones, electronic amplification, and cathode-ray tube recording. Either the 
venous pulse or the electrocardiogram is recorded simultaneously with the heart sounds. 


Our thanks are due to Mr. I. Anderson who constructed the instrument, and to the Rankin Medical Research Fund 
of the University of Glasgow for defraying the cost of the apparatus. Fig. 1 is reproduced with the kind permission 
of the Editor of Glasgow Medical Journal. 
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CASE REPORTS 


PATENT DUCTUS ARTERIOSUS IN A WOMAN AGED 72 YEARS 


BY 


OLE STORSTEIN, SIGURD HUMERFELT, OTTAR MULLER, AND HAKON RASMUSSEN 


From the Medical Department of the University Hospital, Bergen, Norway 


Patent ductus arteriosus is as a rule incompatible with great longevity. In Abbott’s (1936) 
series of 1000 cases of congenital cardiac disease, the mean age of the 92 with uncomplicated patent 
ductus was 24 years, the oldest being 66 years. Josefson (1897) and White (1928) found patent 
ductus at necropsy in patients of 66 years and 65 years and 9 months respectively; in White's 


patient the diagnosis was made two years before death. 
Walker and Ellis (1941) described a man with this condition, 
who was still, at the age of 73 years, in good health; he 
died at the age of 78 but there was no necropsy (White, 
personal communication). 

By means of cardiac catheterization in a woman, aged 71, 
we have recently been able to verify the diagnosis of patent 
ductus arteriosus made clinically 41 years ago. This patient 
is still living and is able to attend to her household duties. 

The patient, M.S., born in 1879, was treated in Bergen City 
Hospital in 1909 (the chief physician at that time being Dr. 
Klaus Hanssen); the diagnosis was thought to be patent 
ductus arteriosus. She complained of palpitation of the heart 
and dyspnoea on exertion. On examination a continuous 
buzzing sound was heard over the second left interspace, 
and the second pulmonary sound was accentuated. A pulse 
tracing showed a rapid pulse and extrasystoles on exertion 
(Fig. 1). Since then she has been in relatively good health, 
apart from occasional extrasystoles and dyspnoea on exertion. 
For several years her ankles have been swollen, especially in 
connection with attacks of coughing and expectoration. 
Since the fall of 1948 she has been treated by her physician 
for congestive heart failure. She was admitted to this hospital 
in January, 1949. She was then found to be suffering from 
auricular fibrillation; her blood pressure was 135/70 in the 
right arm and 120/80 in the left; her pulse was of Corrigan 
type. In the second and third left interspace was heard a 
continuous systolic-diastolic “‘ machinery” murmur (Fig. 1). 
The liver was felt just below the costal arch; there was 
cedema of the ankles. The venous pressure, 40 mm., was 
normal, and the circulation time somewhat prolonged—24 
seconds for the first and 65 seconds for the last taste of 
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PATENT DUCTUS ARTERIOSUS 





Fic. 2.—Teleradiograms of the heart taken in 1930 and 1950. 


decholin. Roentgenological examination of the heart in 1930 and in 1950 showed a moderate 
enlargement of the left ventricle and a dilated pulmonary artery (Fig. 2). Since then she has 
been treated for her congestive heart failure by digitalis, a salt-poor diet, and injections of 
mercurial diuretics. In January 1950 she was readmitted with acute pneumonia. During this stay 
a cardiac catheterization was made, with the following findings. 


Systemic flow Pulmonary flow Shunt 
2-9 litre/min. 6 litre/min. 31 G2) 
1-7 litre/sq.m./min. 3-5 litre/sq.m./min. 


PRESSURES IN MM. HG 


Pulmonary artery Right ventricle Right auricle 
44/22 (mean 28) 40/+2 (mean 12) +2 


Discussion 

These findings may throw some light on the circulatory changes in long-standing patent ductus 
arteriosus. The most remarkable finding is the low systemic flow. Ina study in catheterization of 
the heart in cases of patent ductus treated in this hospital (Storstein et al.) we found a mean cardiac 
index in 16 patients of 3-9; the lowest figure being 3 and the highest 5-5. None of these patients 
howed any sign of congestive heart failure. The low cardiac index may be taken as an indication 
‘a “* forward failure,’’ where the left ventricle is unable to maintain a sufficient cardiac output to 

he systemic circulation. 
In our 72-year-old patient there was a moderate hypertension in the pulmonary circulation. 
our series of catheterization in patent ductus the pressure in the pulmonary artery was normal 
} 5 of 12 patients. The patient with the highest pulmonary pressure—75/44 (mean pressure 62)— 
had a deformity of the chest with severe kyphosis, which may have been partially responsible for the 
igh pressure. The second of the patients with severe hypertension presumably had a ventricular 
»ptal defect. It is surprising that the pressure in the pulmonary artery in our 71-year-old patient 
as not higher. One would have expected that a long-standing increased blood flow through the 
ulmonary circulation would provoke a pulmonary hypertension (Cournand et al., 1949), partly 
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by provoking arteriosclerosis in the pulmonary vessels. In our patient of 72 there were radiological 
signs of sclerosis in the pulmonary artery. 

From this case we see that it is possible to live with a patent ductus up to the eighth decade in 
relatively good health. Our patient is still, despite her moderate congestive heart failure, able to 
attend to her household duties, keeping house for her three nephews, at the age of 72 years. 


Summary 


A case of patent ductus arteriosus in a woman of 72 years where the diagnosis was made 41 
years earlier, is reported, together with the findings at cardiac catheterization. This is, so far as 
we know, the oldest verified case. 
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A CASE OF DISSECTING ANEURYSM OF THE AORTA WITH HEMIPLEGIA 
DIAGNOSED DURING LIFE 


BY 
MARGARET JAGO 
From the Charing Cross Hospital Unit at Mount Vernon Hospital Middlesex 


Shennan (1944) in his analysis of 300 cases of dissecting aneurysm of the aorta (up to and in- 
cluding 1932) reported only six correctly diagnosed before death. Among 153 cases reported by 
Reich (1944), and 12 by Logue, (1943), 36 and 10 respectively were correctly diagnosed. Reviewing 
these and some other reports, about 49 correct ante-mortem diagnoses have been made among 512 
instances of the disease. 

Differences in the carotid pulses were recorded by Nissim (1946) in one patient. The pulse was 
reduplicated on the right side and single on the left, without co-existing difference in the intensity 
of pulsation. He concluded that this was due to the difference in the rate of propogation of the pulse 
wave through the lumen of the artery and through its dissected coat, where the blood was probably 
partly clotted. 

he following case is described because the diagnosis was finally made on the diminished pulsation 
of one carotid pulse. This was shown at necropsy to be due to pressure of the aortic aneurysm on 
the left carotid artery. 


Case Report 


A man, aged 62, was admitted on 6/4/50. Eight days previously he had a sudden attack of 
cramp-like pain in the centre of the chest, radiating into the back and down the left arm. The pain 
was very severe for the first 24 hours, and then steadily diminished until his admission to hospital, 
when he had a feeling of slight constriction only in the centre of the chest and in the small of the 
back. Four days after the onset of his symptoms he complained of recurring cramps in the calves. 

In 1947, he had had a sudden attack of dizziness with amblyopia, lasting several days. He was 
told he had a high blood pressure. In 1948 his vision became blurred for a few days, but apart 
from these occurrences he had been well. 

On examination he was of plethoric appearance with a temperature of 99° F. The pulse rate 
was 90 per minute, with frequent extrasystoles; it was of high tension and equal on the two sides. 
The blood pressure was 270/160 but no pulsus alternans was detected. The heart was enlarged 
with a thrusting apex beat in the fifth space, 11 cm. from the mid-line. There was a generalized 
presystolic gallop rhythm with an apical systolic murmur; an aortic systolic murmur conducted 
into the neck was followed by a loud aortic second sound. The femoral and dorsalis pedis pulses 
were equal on palpation. Crepitations were heard at the bases of both lungs. No other abnormal 
physical signs were found. 

On 11/4/50 an electrocardiogram showed a left ventricular preponderance, but no evidence of 
my cardial infarction. An X-ray of the chest showed a large left ventricle and an unfolding aorta 
wit) clear lung fields. On 13/4/50, a barium swallow was normal and there was no change in the 
cardiac or aortic shadows. The Wassermann reaction was negative and the blood urea 84 mg. per 
cert. The urine contained albumen, but no red cells or casts. 

\t this stage it was considered that this was probably a case of coronary thrombosis and he was 
tre ited with rest and sedatives only. 
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His condition remained substantially the same until 18/4/50, when he awoke in the night witha 
severe headache and was found to have a right hemiplegia affecting mainly the face and arm. He 
also had a nominal aphasia. The hemiplegia soon disappeared, although he still had a slight right 
facial weakness. That evening, however, the hemiplegia and aphasia recurred with weakness of 
the right side of the face, arm and leg; the right plantar response was extensor. 

On 20/4/50 the blood pressure in the right arm was 240/160 and in the left 270/165. The fenioral 
and dorsalis pedis pulses were present and equal, but the left carotid pulse was found to be absent. 
Because of this and the repeated absence of the characteristic electrocardiographic changes of 
myocardial infarction, a diagnosis of dissecting aneurysm of the aorta was made. On 22/4/50 he 
had a severe attack of abdominal pain lasting several hours and he was incontinent of urine and 





Fic. 1.—Aorta opened to show severe atheroma. At origin of left subclavian artery an 
intimal tear has given rise to a dissecting aneurysm which is opened to show soft 
red clots. 


feces. On 24/4/50 his condition was unchanged. Venesection was performed and he was given 
digitalis. He became comatose, with Cheyne-Stokes respiration on 27/4/50, and on 28/4/50 he 
died, 30 days after the onset of the original pain. 

Necropsy. The heart was large with hypertrophy of the left ventricle. The other cavities and 
the valves were normal. The coronary arteries were dilated and tortuous with some atheroma, but 
good lumina. There was no evidence of thrombosis or infarction. 

The whole aorta showed severe atheroma, the intima being covered with yellow and yellowish- 
white patches. At the origin of the left subclavian, in relation to an atheromatous plaque, t/ere 
was a small intimal tear from which a dissecting aneurysm had arisen (Fig. 1). This had spread 
along the left lateral aspect and, lower, down the posterior aspect of the aorta, reaching the exte: nal 
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iliac arteries. It contained soft red clots. There was no evidence of true aortic stenosis. There 
was no occlusion of the carotid arteries by thrombosis or embolism. 

Considerable arterial atheroma was seen in the brain, but there was no sign of recent infarction. 

The lungs showed bilateral congestion with a little basal edema and muco-pus in the basal 
bronchi. 

A section of the thoracic aorta revealed that the aneurysm had split the media between the middle 
and outer third of its thickness. The space had become lined by intima-like tissue and there was 
hyaline change in the media and atheroma of the intima. There was no evidence of cystic medial 
necrosis (Fig. 2). 
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Fic. 2.—Section of dissecting aneurysm showing aneurysmal channel lined by intima. The medial tear and 
atheromatous plaques are seen. (x 8.) 


Discussion 


On looking back and comparing the clinical signs and symptoms with the necropsy findings, 
one perceives in this case a typical picture of dissecting aneurysm of the aorta. The pain in the 
chest was presumably directly due to dissection of the aorta, and the cramps in the calves to ischemia 
of the femoral arteries. The history of dizziness and amblyopia can be accounted for by the hyper- 
tension and the abdominal pain by further dissection of the abdominal aorta. The right hemiplegia 
was secondary to the compression of the left carotid artery at its origin by the dissecting aneurysm. 

Several significant signs of dissecting aneurysm of the aorta have been observed in recent years. 
Roesler et al. (1937) described the appearance of a rapidly shifting area of pulsation in the inter- 
scapular region, over which the second aortic sound was very accentuated. Another sign described 
by Logue (1943) consisted of a bruit and thrill over the femoral artery. Diminution in pulsation 
of one carotid artery can be added to this list and may prove a simple sign in suspected cases. 
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Summary 


A case of dissecting aneurysm of the aorta is described in which pressure of the aneurysm 07 the 
left common carotid artery resulted in a diminution of the left carotid pulse and a right hemiplegia. 
This sign enabled the diagnosis to be made during life. 


My thanks are due to Dr. C. P. Silver for diagnosing the case, to Dr. C. D. Garratt for his kind assistance aid to 
Dr. Hickling for his permission to publish the case. 
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COR TRIATRIATUM 


BY 
C. G. BARNES AND H. V. L. FINLAY 


From Hillingdon Hospital, Middlesex 


[he increasing scope of cardiac surgery in recent years has acted as a great stimulus to the exact 
diagnosis of congenital heart lesions. A transverse septum almost completely dividing the left 
auricle into an upper and a lower compartment would appear to be so eminently suitable for surgical 
treatment that every effort should be made to recognize the abnormality during life. This defect, 
which has been termed “ cor triatriatum,” is rare and Parsons (1950), reporting a case, could find 
only 18 previous examples reported. Andral (1829) was the first observer to mention a heart “* with 
three auricles,” while Church (1868) in this country published the first full account of a patient 
with this condition—a woman, aged 38. The left auricle was divided by a transverse membranous 
septum in the upper part of which was a very small elliptical opening. 

Parsons (1950) reviewed in detail the theories which have been advanced to explain the nature of 
this malformation and concluded that “‘ the septum is due to a defect at the junction between the 
pulmonary veins and the right auricle and is the result of developmental arrest late in the second 
month of feetal life.” 

In the hope that a distinctive clinical picture may in time emerge and so allow surgical treatment 
to be carried out for these patients, a further child is now described who appears to be the first 
patient with cor triatriatum in whom fluoroscopic and cardiographic investigations have been 
performed. 


Case Report 


C. B., Male infant. Born September 6, 1949. Second child. Birth weight, 8 Ib. There was no 
history of infectious illnesses in the mother during the pregnancy, but she had a threatened miscarriage 
during the third month of gestation. 

This child first held his head up at the age of 6 months and sat up at 10 months. He was admitted to 
hospital in October, 1950, with one week’s history of severe cough and increasing tachypnoea. He 
was severely ill with rapid grunting respirations and movement of the ale nasi; the temperature was 
99-6° F. 

The cardiac impulse was felt in the fourth interspace, 1} inches from the mid-line. The heart sounds 
were normal. There was dullness on percussion with diminished air entry over the left base and 
moist rales at the right apex. The liver edge was felt one finger’s breadth below the costal margin in the 
nipple line. A radiogram of the chest showed patchy consolidation at the left base. W.B.C.—425S0. 
Hb=10-06g. per 100ml. The Mantoux reaction was negative at 1/1000. A diagnosis of bronchopneumonia 
with otitis media was made. This illness was cured by aureomycin; when the child was discharged 
home on November 9, the lungs were clear clinically and in the radiogram. 

He was readmitted on November 23 with a three day’s history of difficult respirations, vomiting, and 
occasional cough. Physical examination showed an extremely pale child with moderate dyspneea. The 
cardiac impulse was now felt in the fifth interspace, 2} inches from the mid-line. The heart sounds were 
rapid but again no murmurs could be detected. There was impairment of percussion note in the left axilla 
and tubular breath sounds were heard over the right mid-zone behind. Fine inspiratory crepitations could 
be heard over both lower lobes and in the left axilla. The liver edge was firm and could now be felt fully three 
finver breadths below the right costal margin. The spleen was not palpable and there was no finger clubbing. 

\ radiogram of the chest showed some general enlargement of the heart and a diffuse opacity throughout 
boih Jung fields. A further course of aureomycin was given and a progress note on December 7 described 
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him as “ pale, dyspneeic, smiling.’ Successive radiograms showed an increase in the size of the heart 
(Fig. 2A). A cardiogram showed sinus rhythm at a rate of 150 per minute. The P waves of 0:3 my. in 
lead 2 were sharply peaked. There was a right axis shift with QRS complexes splintered and 0-08 second 
in duration. V leads showed the pattern of right ventricular hypertrophy (Fig. 1). By December 26, 
puffiness of the eyelids became noticeable and cedema of both feet was present. The tachypnoea was still 
present and the maximum cardiac impulse was fully three inches from the mid-line. 





Fic. 1.—Cardiogram, December 13, 1950; showing right ventricular hypertrophy and 
peaked P waves. 


Dr. S. A. Maddocks, reported as follows: ‘‘ All the diameters of the heart are much increased. 
There appears to be some relative left auricular enlargement.”’ (A radiogram taken on the same day is 
reproduced in Fig. 2B.) That the lung changes were entirely congestive was suggested by an E.S.R. of 
2 mm. at this time. 

On January 5, at the age of 16 months, the child suddenly died. 


POST-MORTEM EXAMINATION 


The post-mortem examination was carried out by Dr. W. H. A. Picton, to whom we are indebted 
for the use of his notes. 

Heart. The anterior surface of the greatly enlarged heart was composed entirely of the right 
auricle and ventricle with marked prominence of the pulmonary conus. The left ventricle was 
extremely small and situated entirely behind. 

On section, the right auricle was enlarged and the interauricular septum was quite abnormal. 
It appeared completely smooth and no fossa ovalis, foramen ovale, annulus ovalis or Eustachian 
valve could be made out. The right auricle communicated with the right ventricle through a tri- 
cuspid valve in which the septal and posterior cusps were fused. The cavity of the right ventricle 
was much dilated and the greatly hypertrophied wall was 8 mm. in thickness. The pulmonary 
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Fic. 2A.—Radiogram of chest, December 7, 1950; Fic. 2B.—Radiogram of chest, January 3, 1951; 
showing generalized cardiac enlargement with showing further enlargement of the heart and 
fullness of the left upper border. diffuse opacity of the lung fields due to pulmon- 

ary oedema. 


trunk, which was much dilated, arose from the right ventricle and the orifice was guarded by three 
normal semilunar valves. 

The left auricle was moderately enlarged and was divided into upper and lower chambers of 
approximately equal size by a transverse septum (Fig. 3). This septum, concave upwards, was 
directed downwards and to the right. It was smooth on its upper and lower surfaces, and about 
four times the thickness of the semilunar valves. In the right and anterior portion of the septum a 
circular orifice 2 mm. in diameter allowed blood to pass from the upper compartment into the 
lower. The wall of the upper compartment, into which opened the four pulmonary veins, was 
pearly white in colour. There was no communication with the right auricle. The wall of the 
lower compartment was smooth and was continuous with that of the auricular appendix. Again, 
there was no‘communication with the right auricle. 

[his lower compartment opened into the left ventricle through a bicuspid mitral valve which 
appeared normal in structure and position. The interventricular septum bulged into the left 
ventricular cavity which, in contrast to that of the right ventricle, was smaller than normal. The 
maximum thickness of the left ventricular muscle was6 mm. _ The aorta arose from the left ventricle. 
The semilunar valves were normal, the coronary openings were in their normal position, and the 
ductus arteriosus was closed. 

Lungs. All lobes felt rubbery in consistency and cut with increased resistance. The left lower 
e was the seat of bronchiectares. 

he other organs were normal apart from congestive changes. A portion of the abnormal septum 
with the adjoining auricular wall was examined histologically (Dr. H. Rogers) and this showed that 
the abnormal intra-auricular septum was covered by endocardium, and consisted of collagenous 
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tissue in the centre of which there was a band of muscle fibres which appeared to be continuous 


with those of the auricular wall. 
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Fic. 3.—Drawing of post-mortem specimen. Posterior view showing 


interior of left ventricle and left auricle with transverse septum. 


The remarkable feature of this case was the fact that life continued for 16 months when the only 
way of entry of the blood from the lungs into the left ventricle was by an opening some 2 mm. in 
diameter in the centre of the abnormal septum. The symptoms began at the age of 12 months at a 
time when the child’s physical activity increased: his apparent backwardness in development may 
Had the mechanical obstruction been removed by 
incision of the septum, complete recovery would probably have occurred. The operation would, in 
fact, have been simpler than that of valvulotomy as the septum performed no useful function what- 
soever and the surgeon would have had no valvular action to preserve. 

As Parsons (1950) has stated from his review of the recorded cases, the outstanding clinical 
feature is respiratory embarrassment secondary to pulmonary congestion, followed by generalized 
These signs, accompanied by progressive enlargement of the 
heart, are difficult to explain in a patient who does not show the physical signs, radiological appear- 
ances, or cardiographic findings of any of the common congenital heart lesions. 


have been due to his cardiac insufficiency. 


cedema and enlargement of the liver. 
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COR TRIATRIATUM 287 
the very absence of these signs that might suggest the correct diagnosis. The recurrent attacks of 
pulmonary congestion may mislead one into the erroneous belief that bronchopneumonia with 
uncerlying bronchiectasis is the primary lesion and that the cardiac enlargement and failure are 
secondary. 

One might anticipate that the lesion would produce the same symptoms and signs as a tight 
mitral stenosis and this was the case clinically, with the exception that no murmur was heard. With 
a heart rate persistently at 150 a minute, the duration of diastole was so short that a diastolic 
murmur would not have been detected even if it had been present. 


Summary 


\ further case of cor triatriatum is described. This child appeared to be a case of recurrent 
bronchopneumonia, and later developed increasing enlargement of the heart with signs of congestive 
cardiac failure. Death occurred at the age of 16 months. This is believed to be the first case in 
whom fluoroscopic and cardiographic studies have been carried out. 


We are grateful to Professor F. Goldby for his interest in the post-mortem specimen. We are indebted to the 
medical artist, Miss F. M. Wadsworth, for the drawing of the heart. 
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RUPTURE OF THE INTERVENTRICULAR SEPTUM 
BY 
ALAN B. BLACK 


From the Queen Elizabeth Hospital, Birmingham 


Rupture of the infarcted interventricular septum was first described more than a century ago 
in this country (Latham, 1846). The subject was last reviewed by Fowler and Failey (1948), 
who discovered 56 recorded cases, of which 16 were diagnosed during life. Since their review, 
single cases have been described by Sweeny (1948), Bickerman and Irons (1949), Shapir (1949), 
Ungar and Ullman (1950), and Muller et a/. (1950) and two by Furman and Meneeley (1948). 
All of these were diagnosed during life. Thus, until the time of writing, 23 out of 63 cases were 
correctly diagnosed before death. A further example in which a diagnosis of ruptured septal 
infarction was made, before death, is recorded here. 

The physical signs were noted in 51 of these cases. In 49 there were systolic murmurs, with 
associated thrills in 24. In 4 there were diastolic murmurs, in 2 there were no abnormal auscul- 
tatory signs to suggest the lesion, and in the remaining 13 the physical signs were not recorded. 


Case Report 


A man, aged 72, was admitted to hospital in February, 1950. He had served in the Royal 
Navy from twenty until he was sixty and at the time of his discharge from the service was perfectly 
fit. He remained well until two months before admission to hospital, when he had a severe attack 
of retrosternal pain extending down the left arm. The pain lasted twenty-four hours. Almost 
every night afterwards until his admission to hospital he experienced intense shortness of breath, 
so severe that he had to sit up in a chair for about an hour before being able to return to bed. These 
attacks occurred in spite of the use of several pillows. 

On admission he was orthopneeic and dyspneeic at rest. The neck veins were distended and 
pulsating and there was slight sacral edema. The pulse was regular and the blood pressure 120,80. 
The heart was not enlarged. There was a systolic thrill to the left of the lower end of the sternum, 
and a systolic murmur, loud in all areas but maximal at the inner end of the fourth left intercostal 
space. There were no abnormal signs in the lungs apart from scattered rhonchi and basal crepi- 
tations. Slight hepatic enlargement and tenderness were the only abnormal findings on abdominal 
examination. The venous pressure was 150 mm. of water. A radiogram of the chest showed 
slight left ventricular enlargement and some pulmonary congestion. A cardiogram showed 
sinus rhythm. The significant abnormalities were found in the unipolar precordial leads. 
Whereas R in VI was 1 mm. high, R in V2 was only 0-5 mm. high and in V3 was even less. 
A small Q was present in leads V4 to V6. The S—T segments were elevated in all these leads. 

A diagnosis was made of anteroseptal myocardial infaction with rupture of the interventricular 
septum and congestive cardiac failure. After treatment for one month with rest in bed, digitalis, and 
mercurial diuretics he was allowed to go home. He remained well for two weeks and then beg. 
again to experience attacks of cardiac asthma. Four weeks after his discharge he was admitted 1o 
hospital again with symptoms and signs identical with those found on his fitst admission. The 
only cardiographic change was prolongation of the P-R interval to 0-24 sec. (Fig. 1). His progress 
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Fic. 1.—Cardiogram from the patient, obtained during second period in hospital. 
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Fic. 2.—Upper surface of a 1-cm. slice, 5 cm. Fic. 3.—Lower surface of a 1-cm. slice, 5 cm. 
from apex, showing extent of pale, in- from apex, showing perforation through 
farcted portion of interventricular septum. the infarcted interventricular septum. 


























290 ALAN BLACK 
was punctuated by an attack of gall stone colic with obstructive jaundice, but his general course 
was downhill and he died in August, 1950. 

At necropsy external examination showed gross oedema of the legs. There was about 250 ml, 
of dark amber fluid in each pleural cavity, and the lungs, which were emphysematous, showed severe 
congestion and cedema. The visceral and parietal layers of the pericardium were adherent over the 
anterior surface of the apex of the left ventricle. There was an aneurysmal bulge, 3 cm. diameter, 
of the underlying wall of the left ventricle. The heart was cut into slices, 1 cm. thick, at right angles 
to its long axis, from the apex to the base. The endocardium lining the aneurysmal area was greatly 
thickened. In the fifth slice was a funnel-like communication between the ventricles lined by 
greatly thickened endocardium (Fig. 2 and 3). All the other viscera showed severe congestive 
changes. The gall bladder showed chronic inflammatory changes and contained multiple faceited 
calculi. 


Conclusion 


A clinical diagnosis of ruptured infarction of the interventricular septum would appear easy. 
It should be considered in any patient with a history of myocardial infarction who develops a loud 
and rough systolic murmur with thrill to the left of the lower part of the sternum, and confirmed 
by a cardiographic pattern characteristic of septal infarction. 


I wish to thank Dr. O. Brenner for permission to record thiscase. I am indebted to Mr. T. F. Dee for the reproduc- 
tion of the electrocardiogram and for the print of the photograph. 
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CONGENITAL PARTIAL HEART BLOCK 
BY 


C. T. POTTER AND D. Q. TROUNCE 


From the Evelina Hospital for Children, London 


\lthough congenital complete heart block is well recognized and has been fully reviewed, con- 
genital partial heart block appears to be much more unusual. However, a survey shows that 
several such cases have been described in America, but we have found only four cases recorded from 
this country. Whipham (1915) reported two, and Fleming and Stevenson (1928) gave an account 
of an eight-year-old girl with 2:1 heart block associated with a ventricular septal defect and 
probably other congenital cardiac lesions. Wilson and Grant (1926) recorded the case of a fourteen- 
month-old child with 2:1 heart block who post mortem was found to have atresia of the 
pulmonary artery, a large patent ductus arteriosus, and a common ventricle with only the rudiment 
of an interventricular septum. 

Apart from the rarity of congenital partial heart block, the interest of this case lies in the co- 
existence of the heart lesion with a second congenital defect—namely, fibrocystic disease of the 
pancreas. 


Case Report 


M. L., born February 2, 1949, was the second child of healthy parents. Pregnancy was normal, 
but the foetal heart rate was noted to be constantly slow at about 60 a minute with an occasional 
missed beat. The question arose as to whether the bradycardia was due to feetal distress but as the 
rate remained steady, the pregnancy was allowed to proceed to term. Labour was normal. The 
birth weight was 6 lb. 2 0z. The infant was healthy at birth, although the heart rate still remained 
at 60 a minute with every third beat missing. There was no cyanosis. The baby was breast-fed for 
the first week and thereafter bottle-fed. Initially she made good progress, taking feeds well but 
gaining weight rather slowly. At the age of six months, she weighed 12 Ib. 11 oz. Toward the end 
of November 1949 (age 9 months) she developed a cough, soon followed by the onset of diarrhoea 
with loose yellow stools. Three weeks later vomiting was added to these symptoms and she was 
admitted to hospital. At this time she was a pale wasted baby (weight 13 Ib. 2 oz.) and was mildly 
dehydrated. 

No cyanosis or finger clubbing. Cardiovascular system: pulse irregular at 50 a minute; 
femoral pulses present; heart not enlarged; no thrill palpable; heart sounds normal; systolic 
murmur generalized over precordium but maximal towards the apex. Respiratory system, 
normal apart from scattered rhonchi and rales over both sides. Other systems clinically normal. 

The provisional diagnosis was congenital heart block with patent inter-ventricular septum and 
acute bronchitis, complicated by diarrhoea and vomiting. 

Following admission the bronchitis was slow to subside and she continued to pass up to five 
loose offensive stools daily. On two occasions examination of duodenal juice showed no liquefac- 
tion of gelatin by a dilution of fluid of 1 in 6. The clinical findings of loose offensive stools and 
persistent bronchitis, together with the absence of tryptic activity in the duodenal juice were con- 
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Fic. 1.—Electrocardiogram standard leads. There is 3 : 1 heart block throughout except the 
one ventricular response in lead II, that is 2 : 1. 





Fic. 2.—Electrocardiogram showing unipular chest leads V1, V3, and V5. There is 3 : 1 heart block in 
Vl and V5, and 2 : | heart block in V3. 


sidered to be sufficient evidence for diagnosing fibrocystic disease of the pancreas. She made slow 
progress and by time of discharge from hospital in March her weight was 14 Ib. 

The following investigations relating to her congenital heart block were carried out. X-ray of 
chest, 22/12/49, no evidence of pulmonary abnormality; the mediastinal shadow is within 
normal limits. Electrocardiogram, 10/1/50, generally shows 3:1 block, changing at times to 
2:1 block, otherwise the curves are normal (see Fig. 1 and 2): 20/10/50; continues to show a 
partial heart block with ranging 2 : 1 and 3 : 1 A-V block. The P-R interval is somewhat variable, 
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CONGENITAL PARTIAL HEART BLOCK 293 
being about 0-20 sec. after a single blocked impulse, and 0-16 sec. after two blocked impulses. 
Ventricular complexes remain normal. 

Since discharge from hospital she has remained very well. When last seen in March, 1951, she 
was free from cough and her stools were formed, although pale. The physical signs remained un- 
changed. 


Summary 


Although congenital complete heart block is uncommon, congenital partial heart block is much 
rarer, and few cases have been reported. 

A case of congenital partial heart block with patent inter-ventricular septum in association with 
fibrocystic disease of the pancreas is described. 


We would like to thank Dr. Maurice Campbell and Dr. Geoffrey Reynolds for reporting on the two electrocardio- 
grams. 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


An Autumn Meeting of the British Cardiac Society was held at Manson House, 26 Portland 
Place, London, on October 19, 1951. 


The Chairman, J. H. WriGut, took the Chair at 9.30 a.m.; 103 members and 31 visitors were present. 
There was no private business and the meeting proceeded to the SHORT COMMUNICATIONS. 


** MISSED ’? CASES OF CARDIAC INFARCTION 


By R. S. STEVENS (introduced by R. Kemball Price). The interval of time between onset of symptoms 
and firm clinical diagnosis has been studied in a series of 250 patients, whose electrocardiograms (coincident- 
ally or subsequently) confirmed the presence of cardiac infarction. It is suggested that cases in which 
diagnosis is delayed for longer than an arbitrary period of seven days may be regarded as “‘ missed.” In 
this series it was found that 94 cases (38%) had been so “‘ missed,”’ and they are divided as follows. 

Group A. Those in which it is possible to assess the exact interval, varying from eight days to six years, 
between onset and diagnosis (54 cases). 

Group B. Those in which the exact time of onset (except within broad limits) is uncertain (23 cases). 

Group C. Those in which the diagnosis of angina of effort (varying from one month to several years) 
alone was tenable (17 cases). 

An attempt has been made to assess the reasons for delayed diagnosis. No significant differences on 
account of age or sex were observed. Some of the attacks were notably mild but the majority of the histories 
were typical of infarction. It is believed that the most important physical sign to receive least attention is 
the patient’s temperature. 

There were notable cardiographic differences between the groups. In cases diagnosed within one week 
there was an excess of anterior over posterior infarcts, but the reverse was true in all three groups of missed 
cases; especially in Group C, in which fourteen records were of posterior and only three of anterior patterns. 

The ultimate prognostic significance of delayed diagnosis has not yet been determined, but a few cases 
seem to suffer unduly prolonged disability as a result of inadequate initial treatment. 


THE AMBIGUOUS ELECTROCARDIOGRAM OF CARDIAC PAIN 


By WILLIAM EVANS AND COLIN MCRAE (introduced). Certain minor electrocardiographic variants 
have been investigated as regards their possible significance in ischemic heart disease. 

The method of investigation is described, and conclusions are discussed briefly with special reference to 
depression of the S-T segment. 


HYPERCHOLESTEROLAMIA, XANTHELASMA PALPEBRARUM, AND CORONARY ARTERY DISEASE IN ONE 
FAMILY 


By MALCOLM Towers (introduced by William Evans). An investigation of a family showing hyper- 
cholesterolemia is presented. Our patient, a woman of 47, presented with six years typical angina of 
effort; her electrocardiogram showed ischemic changes in leads II, III, and CR7. She had xanthelasma 
palpebrarum and the blood cholesterol was 460 mg. per 100 ml. A brother died suddenly at the age of 51 
and is known to have had angina pectoris. A sister of 45 had xanthelasma palpebrarum and a blood 
cholesterol of 332 mg. per 100 ml. Another sister of 43 had six months atypical effort pain and intermittent 
claudication and a cardiogram showed diffuse ischemic change; her blood cholesterol was 400 mg. per 
100 ml., but she had no xanthelasma. Two siblings had no xanthelasma, normal electrocardiograms, and 
blood cholesterols at the upper limits of normal. Two further siblings could not be studied. None of the 
subjects had more than moderate elevation of the blood pressure and none had arcus senilis. The father 
who died age 76 is said to have had pain in the chest like the patient and three of his siblings died suddenly. 
This curious condition is briefly reviewed and discussed. 


RESULTS OF LIGATION OF THE PATENT DUCTUS ARTERIOSUS 


By TERENCE East. To be published in full in this journal. 
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JHE EFFECT OF EXERCISE UPON THE DIASTOLIC BLOOD PRESSURE IN PATENT DUCTUS ARTERIOSUS 
BEFORE AND AFTER SURGICAL LIGATION AND IN HEALTHY SUBJECTS 


By Davip Lewes. The response of the resting diastolic pressure to a standard exercise test was studied 
in 26 cases of patent ductus arteriosus, before and two weeks after successful surgical ligation of the ductus. 
Control observations were made in two groups of healthy subjects and in a series of patients recovering 
from various major surgical operations. Blood pressure records were made with a mercury sphygnomano- 
meter and cuff under resting conditions and within 30 seconds of completing the test exercise. 

Observations before operation. In 26 patients with patent ductus arteriosus a fall in diastolic pressure 
was recorded in 6, and amongst 26 control subjects of the same age and sex as the patients, the diastolic 
pressure fell in 12 cases. In the control group a fall in diastolic pressure commonly reached, but never 
exceeded 10 mm. Hg; in only 2 cases of patent ductus was the fall greater than this figure. 

Amongst a group of 100 normal subjects of widely differing ages the diastolic pressure after exercise 
fell in 37 per cent of cases; in 10 per cent the fall reached 10 mm. Hg and in 3 per cent it was profound. 

Observations after operation. Of 15 patients submitted to ligation of the ductus two weeks previously, 
the diastolic pressure after exercise fell in 7; in 4,15 mm. Hg or more. Amongst 24 control cases a fall in 
diastolic pressure, which never exceeded 10 mm. Hg was recorded in 3; in 18 the diastolic pressure rose 
after exercise. The difference between the means of the change in diastolic pressure of the two groups, of 
patients and controls respectively, was regarded as statistically significant. 

This unexpected finding, which proved to be transitory, differed significantly from the changes observed 
in controls in which the diastolic pressure was elevated or remained stationary in 90 per cent of cases. 

Conclusions. Since a fall in diastolic pressure after exercise often reaches, but rarely exceeds 10 mm. Hg 
in health, an exercise test carried out in proved or suspected cases of patent ductus arteriosus should not 
be regarded as positive unless the fall is greater than 10 mm. Hg. 

In this investigation the exercise test offered practically no information of diagnostic value, over and 
above that obtained from the resting blood pressure readings of patients with patent ductus. 

No explanation for the behaviour of the diastolic pressure after exercise during convalescence from 
operation is apparent, but clearly a sharp fall in the diastolic pressure after exercise, which follows closely 
upon attempted operative closure of the ductus arteriosus, is no criterion that the ductus has in fact 
recanalized. An exercise test carried out under these circumstances is likely to be misleading and should 
never be used to strengthen a diagnosis of recanalization of the ductus. 


DisTAL OBSTRUCTION OF THE AORTA 


By SAMUEL ORAM and THOMAS HANLEY (introduced). To be published in full in this journal. 


PAROXYSMAL VENTRICULAR STANDSTILL 


By HAROLD Cookson. Observations on three cases of ventricular standstill as an episode during 
normal rhythm were reported. The condition may be called paroxysmal ventricular standstill and is to be 
distinguished from alternating heart block and normal rhythm which may be called paroxysmal heart block. 

There was normal A-V conduction before and after the standstill in two of the cases described. Two 
had paroxysmal heart block in addition to paroxysmal ventricular standstill. In them, when normal rhythm 
Was present, ventricular standstill could be provoked by carotid sinus pressure, but not when block was 
present. 

The diagnosis of syncope and Stokes-Adams attacks due to paroxysmal ventricular standstill and its 
differentiation from epilepsy were discussed. 


THE F 933 TEST IN HYPERTENSION 


By RAE GILCHRIST and DONALD GiBBs (introduced). Present evidence shows that F 933 (2-1-piperdyl- 
methyl-1, 4-benzodioxane) is of considerable value in the isolation of phzeochromocytomata from other 
causes of diastolic hypertension. The drug has been employed in 300 patients with hypertension and in 
100 other subjects each of whom received an intravenous test dose of 10 mg. per square metre body surface 
Over a period of two minutes. In only one patient was a doubtful positive result obtained. The remaining 
tests were negative. Side-effects were mild in all save five patients; four with recent hypertensive encephalo- 
pathy had minimal side-effects. 

The routine use of this test in the investigation of the hypertensive patient is discussed and recommenda- 
tions made regarding its employment. Contra-indications for its use are recent myocardial infarction, 
introlled cardiac failure, and moderate or severe angina of effort. 
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EXPERIENCES WITH MITRAL VALVULOTOMY 


By R.W.D.TuRNER. Twenty patients have been subjected to mitral valvulotomy by the direct approach 
through the left auricle. Initial experience has been encouraging and the results are presumably similar to 
those that might be obtained by anyone working with a competent thoracic surgeon. 

All patients stood the operation well, made a good convalescence, though not without incidents, and 
returned home well satisfied. One, by far the most serious case, has subsequently died. The remainder 
are well and most are greatly improved. 

Their ages ranged from 16 to 50 years. Five patients had established, and three paroxysmal, fibrillation, 

The operation is logical, relatively simple, and remarkably safe. The greatest risk is the unpredictable 
one of dislodging emboli into the peripheral circulation. This happened in one patient who subsequently 
made a good recovery. Intravenous procaine is possibly the best immediate treatment. 

Operative findings have been correlated with the clinical assessment and the results of cardiac cathe- 
terisation. Catheterisation is not essential for most cases and rarely influences clinical judgment. However, 
it is not always possible to predict pulmonary hypertension from clinical assessment. At present we are 
reluctant to operate on patients who at least do not develop pulmonary hypertension on exertion. 

The best results have been obtained in those with normal rhythm, comparatively little enlargement of 
the heart, considerable pulmonary hypertension, and no history of congestive failure. Paroxysmal attacks 
of pulmonary cedema and hemoptysis are indications for early operation. Mild and moderate cases of 
mitral stenosis which have evidence of progression should always be considered. 

The diagnosis of predominant mitral incompetence is not always easy. The systolic murmur may be 
unimpressive and left ventricular enlargement not easy to detect clinically, radiologically, or electrocardio- 
graphically. There is reason to doubt the significance of so-called systolic expansion of the left atrium. 

One patient with auricular fibrillation for at least three years spontaneously reverted to normal rhythm 
three months after operation. 

Some method of assessing objective improvement is needed. One patient in whom predominant mitral 
incompetence was found and for whom nothing could be done claimed considerable improvement as a result 
of thoracotomy. 

Hexamethonium is an effective drug for reducing pulmonary hypertension. 


THE EFFECT OF GROSS VALVULAR CALCIFICATION ON THE PHYSICAL SIGNS OF MITRAL STENOSIS 


By ALLAN WYNN (introduced by Raymond Daley). Two hundred adult patients with mitral stenosis 
have been examined clinically, by radiology, and by phonocardiography, in order to determine whether there 
are significant differences in the physical signs between those in whom there was radiological evidence of 
mitral valve calcification and those in whom calcification could not be demonstrated. 

In the calcified group the first heard sound was rarely very loud, sharp, or readily palpable at pulse rates 
under 90 a minute. There was a much higher incidence of loud holosystolic murmurs and the ** opening 
snap ’’ sound occurred less frequently. 

A higher incidence of significant mitral incompetence was also found in the calcified group of patients. 

These clinical observations are supported by evidence obtained in thirty patients at operation for mitral 
valvulotomy and in fifteen necropsies. 


THE INTRATHORACIC BLOOD VOLUME IN MITRAL STENOSIS 


By J. D. Batt, H. Kope_MAN, and A. C. WITHAM (introduced by J. McMichael). The Hamilton dye 
method for determining the cardiac output and mean circulation time enables the intrathoracic blood 
volume to be calculated. It has been found that this volume is increased in left ventricular failure, but 
in mitral stenosis no significant increase occurred during congestive failure or after recovery. 

Sixteen patients with mitral stenosis have been investigated by this method, at rest and during exercise. 
The results showed that these patients could be separated into two main groups—those with normal resting 
outputs and those with low resting outputs. The former group could be further subdivided by their exercise 
response. 

The intrathoracic blood volume was, however, similar in all these groups and was not raised above 
that found in normals, although it was known that pulmonary hypertension was present in several of the 
mitral patients many of whom had cardiac enlargement. Exercise produced a rise in the intrathoracic blood 
volume in most patients which was approximately the same in all the groups. 

Consideration of these findings indicates that in mitral stenosis at rest, despite an increase in the pul- 
monary artery pressure, the circulating pulmonary blood volume may be less than normal and that this 
reduction occurs most probably in the smaller pulmonary vessels. 
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[HE PULMONARY VESSELS IN MITRAL STENOSIS DEMONSTRATED BY ANGIOCARDIOGRAPHY 


ty J. F. Goopwin, R. E. STEINER and K. G. Lowe (introduced). Ten patients with mitral stenosis of 
varying grades of severity were investigated by angiocardiography. Special attention was paid to the 
visualization of the pulmonary vessels. 
patients with little or no functional disability, the appearances of the pulmonary vessels are virtually 
normal. They are of normal calibre, and branch smoothly and regularly into their smallest divisions. 
The number of peripheral branches is not excessive. These features apply to both pulmonary arteries and 
veil 

[hese appearances vary considerably in patients with marked functional disability. The pulmonary 
artery and its main divisions are grossly dilated. There is a sudden narrowing and irregularity of outline 
in the smaller vessels. This abnormal appearance is uniform throughout the lung. In some instances 
the small peripheral branches appeared to be more numerous than in the normal angiogram. The changes 
in the pulmonary veins are similar to those in the pulmonary arteries. The circulation time is considerably 
prolonged, with left auricular filling at 10-15 seconds after injection. The left auricular appendix in some 
cases did not fill at all; in others it outlined 15-18 seconds after the injection. 

In patients with moderate functional disability, dilatation of the main pulmonary arteries is not as marked 
as in the previous group. Some of the smaller arteries and veins are narrowed and irregular but the dis- 
tribution is not uniform throughout the lung. Only segments of lung seem to be affected, as for example 
the lower lobes. 


THE VECTORCARDIOGRAM OF RIGHT VENTRICULAR PREPONDERANCE 


By JOHN SHILLINGFORD and WALLACE BRIGDEN. The vectorcardiograms of a series of patients with 
emphysema, pulmonary hypertension, and pulmonary stenosis have been studied. 

The clockwise rotation of the horizontal loop is observed in cases of emphysema, while in pulmonary 
hypertension there is deviation and extension to the right. This deviation appears to differ in cases of 
pulmonary hypertension and pulmonary stenosis. These changes have been correlated with the orthodox 
surface leads. 


ADAPTIVE VALUE OF INCREASED HAMOGLOBIN IN CYANOTIC CONGENITAL HEART DISEASE 


By P. H. Davison, G. H. ARMITAGE (introduced) and W. M. Arnott. The physiological findings in 
32 personal and 36 other cases of congenital heart disease with veno-arterial shunts have been analysed. 
Effective pulmonary blood flow has been expressed as a percentage of the normal average resting value 
by referring the observed effective pulmonary arterio-venous oxygen difference to the average normal 
value of 4-4 vol. per 100 ml. A highly significant negative correlation exists between effective pulmonary 
blood flow and hemoglobin content of the blood. 

Formule have been devised to predict the relationship between effective pulmonary flow, oxygen capacity 
of blood (hemoglobin content), percentage oxygen saturation of mixed venous blood, and mean systemic 
capillary oxygen tension. The negative correlation may be regarded as due to integration of two adaptive 
mechanisms to reduced effective pulmonary blood flow—(1) reduced percentage oxygen saturation of mixed 
venous blood, and (2) increased hemoglobin content of the blood. 

The relationship between effective pulmonary flow and mean systemic capillary oxygen tension suggests 
that increased hemoglobin content of the blood plays an important part in maintaining tissue oxygen 
tension at rest—a function that becomes increasingly effective as the pulmonary blood flow falls. 

The influence of increased hemoglobin content upon the exercise tolerance of these cases is considered, 
and a direct relationship between the maximum attainable oxygen consumption and the oxygen carrying 
power of the blood is demonstrated. 


CONGESTIVE HEART FAILURE AND REVERSION OF HEART SIZE 


By COURTENAY EvANs. Radiological examination was made of cases of patients suffering from con- 
ive heart failure. 58 cases who recovered from failure were selected, and the size of the heart was 
pared before and after failure signs had disappeared as a result of the appropriate treatment. 

The etiology of these cases was: rheumatic V.D.H., 17; hypertensive heart disease, 16; myocardial 
sneration, 5; cardiac infarction, 1; syphilitic heart disease, 4; bacterial endocarditis, 1; emphysema 
rt disease, 10; thyrotoxicosis, 2; and myxcedema, 2 cases. 

No change was noted in the rheumatic cases, minor reduction in size in five cases of the hypertensive 
group, and no change in the degenerative group. A minor change was noted in one of the syphilitic cases, 
ar | in the case of bacterial endocarditis. In emphysema heart disease nine cases showed obvious reduction 
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in size, both in the transverse diameter of the heart and in the whole cardiac contour. In thyrotoxicosis 
and in cardiac infarction moderate reductions in size were noted. 


THE BRONCHO-DILATOR ACTION OF KHELLIN 


By P. Stock and M. S. C. KENNEDy (introduced by O. Brenner). The broncho-dilator action of kheilin 
has been studied in patients exhibiting persistent broncho-spasm and an attempt has been made to assess 
the value of this drug in the treatment of cases of chronic cor pulmonale in which broncho-spasm appeared 
to be an important contributory factor. Three objective measurements of ventilatory efficiency have been 
employed in this work, namely the vital capacity, the expiratory air flow rate, and the maximum breathing 
capacity. The vital capacity and the expiratory air flow rate have been determined by using a simple low- 
resistance spirometer. Expiratory vital capacity tracings have been made on a fast-moving synchronous 
kymograph, the mean of six readings being taken on each occasion. It has been found that the administra- 
tion of a known broncho-dilator such as adrenalin to cases exhibiting clinical broncho-spasm results in 
an increase in the expiratory flow rate. We have taken as our criterion for the presence of broncho- 
spasm, a marked increase in the expiratory flow rate in tracings made after a fifteen-minute period of 
inhalation of adrenalin. 

Khellin has been given by the intramuscular and oral routes and the results have been assessed using 
the objective methods outlined above. It has been found to have a powerful broncho-dilator effect. Jn 
comparison with the commonly used broncho-dilators, the effect is slower in appearing, but it is sustained 
and may even persist for several days after administration has stopped. These observations have been 
controlled by the use of *‘ placebo ”’ injections or tablets substituted without the patient’s knowledge. 

Six cases of chronic cor pulmonale with right heart failure have been studied while on treatment with 
khellin as the sole therapeutic measure. All of these have shown a rapid symptomatic improvement in 
dyspnoea, with disappearance of expiratory rhonchi on clinical examination, associated with an increase 
in the vital capacity. In one case, the administration of khellin was followed by a diuresis with resorption 
of oedema and fall in venous pressure to normal; serial X-rays showed a striking reduction in cardiac size. 
In the second case, diuresis with resorption of oedema followed the administration of khellin. In the 
remaining four cases, the effect of khellin on the cardiac failure was inconclusive. It is felt that khellin 
may have a place in the treatment of selected cases of chronic cor pulmonale with persistent broncho-spasm, 
but that it is too early yet for any final assessment. 

The administration of khellin by the oral route has been associated with troublesome side effects in the 
form of nausea and vomiting in a high proportion of cases. The recent use of enteric-protected tablets 
appears to have appreciably reduced the incidence of these toxic effects. 
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Thiouracil Compounds in the Prevention of Paroxysmal 
Cardiac Arrhythmia. H. D. Ruskin. Lancet, 1, 
134-137, Jan. 20, 1951. 


Methyl and/or propylthiouracil in a daily dosage of 
0-6 g. in three divided doses was given to 7 patients 
suffering from paroxysmal cardiac arrhythmia. None 
showed evidence of thyrotoxicosis. Electrocardiographic 
proof of the arrhythmia was obtained in 6 cases; 3 
patients had supraventricular tachycardia, 2 auricular 
flutter with auriculo-ventricular block, and 2 auricular 
fibrillation. In 4 the paroxysms were completely 
prevented, in 2 they became less frequent, and in 1 who 
was also suffering from valvular heart disease of rheumatic 
origin with gross cardiac enlargement there was no 
response. 

Of the 7 patients, 6 had failed to respond to quinidine. 
The rapidity of the response of some patients suffering 
from angina pectoris and paroxysmal arrhythmia to 
treatment with thiouracil compounds, and their relapse 
when the drug was discontinued, suggested a similar mode 
of action in both conditions. Possibly the myocardium 
was the site of the action. In the patients responding 
to treatment the drug was effective within a week. In 
2 patients the combination of quinidine with a thiouracil 
compound was more effective than either drug alone. 

R. Hodgkinson 


Prognosis in Bundle Branch Block. I. Factors Influencing 

the Survival Period in Right Bundle Branch Block 

, SHREENIVAS, A. L. MESSER, R. P. JOHNSON, and 

P. D. Wuite. Amer. Heart J., 40, 891-902, Dec., 
1950. 35 refs. 


This report is based upon an analysis of 281 cases of 
proven right bundle branch block. Males predominated 
over females by about 3 to 1 and the majority of cases 
occurred in the 50 to 79 age-groups. Death within one 
year had occurred in the case of 45 patients (24% of 
those traced). The average survival time (in years) of 
those surviving one year was 6°8 in the 40 to 49 age-group, 
6:3 in the 50 to 59 age-group, and 5-1 in the 60 to 69 
age-group. The degree of cardiac enlargement exerted 
an influence on the prognosis: the average survival 
period of those with no enlargement was 4:2 years, 
compared with 2-4 years for those with marked cardiac 
eniirgement. The electrocardiogram was of little 
prognostic value, except that patients with a QRS 
complex of 0-12 second had a slightly less favour- 
able prognosis than those with QRS complexes of 
0-1 and 0-14 second. This curious discrepancy may be 
explained by the fact that a higher percentage of those 
Ww!) QRS complexes of 0-12 second had marked cardiac 
en irgement. No evidence was obtained that any 
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prognostic significance could be attached to the direction 
of T; or the classification of the conduction disturbance 
as typical or atypical, concordant or discordant. It is 
concluded that ‘“ though per se an indication of some 
degree of heart disease, right bundle branch block is not 
infrequently found in persons surviving more than 5 
years after its discovery.” William A. R. Thomson 


Treatment of Chronic Congestive Cardiac Failure with 
Ion Exchange Resins. E. E. KLeiper and G. PICcKAR. 
Ann. intern. Med., 34, 407-414, Feb., 1951. 


It is now well established that sodium retention is an 
important feature of congestive cardiac failure with 
cedema. Elimination of salt from the body by mercurial 
diuretics and by low-salt diet has taken an important 
therapeutic place. Carboxylic resins are available 
which will hold sodium in the intestine. This enables 
the patient to take a more or less normal diet, the sodium 
content of which will.not be fully absorbed. In 3 
patients the results of giving such resins was striking, but 
in 4 others the drug caused severe gastro-intestinal 
discomfort and was refused. The resin used was some- 
what bulky and of a sandy consistency. About half an 
ounce (15 g.) had to be taken three times a day. 

The authors give the following warnings: (1) De- 
creased absorption of base may lead to an acidosis; 
this is a special danger if the kidneys are damaged and 
are unable to form ammonia. (2) Some resins may 
deplete the body of other mineral substances, such as 
potassium and calcium; this may be averted by the 
administration of additional calcium or potassium salts. 
(3) Only about half the patients will consent to take these 
resins. J. McMichael 


Comparison of Clinical and Pathologic Aspects of Coronary 
Artery Disease in Men of Various Age Groups: a Study 
of 950 Autopsied Cases from the Armed Forces Institute 
of Pathology. W. M. Yates, P. P. WELSH, J. F. 
STAPLETON, and M. L. CLarK. Ann. intern. Med., 34, 
352-392, Feb., 1951. 

The clinical and necropsy findings in 950 cases of 

coronary artery disease are analysed with special reference 

to age grouping: 47% of the cases occurred under the 
age of 40 and 12% under the age of 30 years. Owing 
to the mode of selection of the data this is not to be 
taken as an over-all incidence in the population. White 
were more liable to coronary thrombosis than negro 

soldiers. Hypertension did not appear to be an im- 

portant factor in the under-40 group. The coronary 

attack came on more frequently. during strenuous 

activity in the young group, while over the age of 40 

there was a higher incidence of premonitory symptoms 
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or previous manifestations of coronary artery disease. 
The first attack was more frequently fatal in men under 
40. Myocardial scarring increased with age, and con- 
gestive failure from ischaemic heart disease was com- 
moner in the older group. Rhythm and conduction 
disturbances in the electrocardiogram increased with age. 
Thrombotic occlusion of the coronary vessels was the 
rule in the under-40 group, while over this age arterio- 
sclerotic narrowing complicated the picture. Mural 
thrombi, myocardial fibrosis, ventricular aneurysm, and 
pericarditis in association with recent infarction were 
all found with greater frequency with advancing age. 
Non-cardiac infarcts also increased with advancing 
years. The majority of subjects with pulmonary infarcts 
did not have mural thrombi on the right side of the heart. 
In general, the prognosis of coronary artery disease under 
the age of 40 would appear to be worse than in men aged 
40 and over. J. McMichael 


Spontaneous Rupture of Papillary Muscle of the Left 
Ventricle. A Clinical Syndrome. H. SCHWARTZ and 
F. R. CANELLI. Amer. Heart J., 40, 354-362, Sept., 
1950. 

The authors describe a case of cardiac infarction proved 
at necropsy to be complicated by rupture of a papillary 
muscle. Such infarction was the cause of rupture in 
most of the 32 recorded cases of the latter. The diagnosis 
is suggested by the appearance of a loud systolic murmur 
and marked, intractable pulmonary cedema in a patient 
with myocardial infarction. D. Verel 


Arrhythmia in Myocardial Infarction. L. TaTiBouET and 
A. MATHIVAT. Arch. Mal. Ceur., 43, 891-995, Nov., 
1950. 


Out of 420 cases of coronary thrombosis disturbances 
of rhythm were observed in 37 cases. Auricular fibrilla- 
tion was commonest (14 cases); ectopic beats occurred, 
rather surprisingly, in 10 cases only; auricular flutter 
twice; ventricular tachycardia 6 times (fatal in 4 cases); 
in 5 cases complete A-V block developed. No correla- 
tion between the location of the infarct and the disturb- 
ance of rhythm was apparent. G. Schoenewald 


Cardiac Aneurysm: Clinical and Electrocardiographic 
Analysis. J. B. Moyer and G. I. HILLER. Amer. 
Heart J., 41, 340-358, March, 1951. 


This concise review of the literature of cardiac aneurysm 
and account of 20 cases (12 with necropsy control) is 
chiefly concerned with the electrocardiographic findings. 
The authors suggest that there is no pattern characteristic 
of ventricular aneurysm. Changes, when present, are 
those of antecedent extensive myocardial infarction. 
Persistent RS-T elevation is present in many cases, but 
the authors agree with others that this may be found 
with large infarcts in the absence of aneurysm formation. 
It is probably due to hypertrophy of the opposite heart 
wall, the cardiographic changes resulting from this being 
transmitted through the destroyed myocardium. An 
upright R wave in lead aVR is not an invariable finding. 
A, Venner 


Intracavitary Electrocardiographic Study of the Wolff- 
Parkinson—White Syndrome and its Induction by 
Excitation of the Interventricular Septum. FE. Cor xo, 
J. M. Fonseca, A. S. BorGes, A. NUNES, and E. Piva. 
Sem. Hop. Paris, 27, 8-16, Jan. 2, 1951. 


The Wolff—Parkinson—White syndrome was studied with 
intracavitary electrocardiography as described by Coc tho. 
Detailed tracings are given of 4 cases in which the 
syndrome occurred spontaneously. The condition was 
investigated experimentally both in man and in the 
dog. Tracings were obtained from 4 patients in whom 
the walls of the atria and ventricles were stimulated by 
means of a catheter. In dogs, ectopic foci of excitation 
were produced by injection of alcohol and silver nitrate 
into the heart muscle. 

It is concluded that in many cases the Wolff—Parkinson- 
White syndrome is a result of an ectopic focus of excita- 
tion in the interventricular septum. F. A. Langley 


Electrocardiographic Changes associated with Allergic 
Reactions to Penicillin. M. J. BINDER, H. J. GUNDER- 
SON, J. CANNON, and L. Rosove. Amer. Heart J., 40, 
940-944, Dec., 1950. 

Details are given of 3 patients with severe allergic 

reactions to penicillin, in whom electrocardiographic 

changes were noted. These consisted of: Case 1, in- 

version of T in all limb leads and in Vs. Case 2, 

inversion of T in leads Il, III, V4, Vs, and Vo: T; 

isoelectric. Case 3, T low upright in leads I and Vs, 

isoelectric in II, diphasic in V3 and V4, inverted in V>. 

In all 3 cases the electrocardiograms were normal within 

1 to 3 weeks. A series of 25 additional patients with 

mild allergic reactions during penicillin therapy were 

studied, and in none of them was there any electro- 

cardiographic abnormality, suggesting that electrocardio- 
graphic changes occur only in severe penicillin reactions. 
William A. R. Thomson 


Cavity Potentials of the Human Ventricles. H. A 
ZIMMERMAN and H. K. HELLERSTEIN. Circulation, 3, 
95-104, Jan., 1951. 


The potential changes in the left ventricular cavity 
in man were recorded by the method of retrograde ulnar 
arterial catheterization. Negative potentials were re- 
corded during depolarization, as was expected from the 
work of Wilson and others. Albert Venner 


The Creation of a Femoral Arterio-venous Anastomosis in 
the Treatment of Severe Arterial Hypertension. C. 
LIAN and H. Wetti. Mém. Acad. Chir., Paris, 76, 
930-935, Dec. 6, 1950. 


After experiments on dogs the authors tried the et!cct 
of establishing a fistula between the superficial femoral 
artery and vein in 9 cases of hypertension with severe 
symptoms. The first 2 cases upon which they opera’ ed 
were cases of hypertensive heart failure, and the resi its 
were disappointing. However, in 6 cases of less sever ‘y, 
3 of which have been followed up for several mont'is, 
the results appear to have been well worth wh 
The diastolic pressure has been reduced by 30 to 40 n 
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and the systolic pressure to a similar extent, the 
heacache has disappeared, and two patients have returned 
to heavy labouring work. In view of the cardiac en- 
larzement that may follow formation of an arterio- 
venous fistula, it is suggested that it might be well to 
ligaie the femoral vein above the fistula in order to 
diminish the pressure in the femoral, iliac, and inferior 
caval veins. The technique of the operation is described, 
a fistula 6 mm. long being established under local 
analgesia; no shock or complication has resulted from 
the procedure. Peter Martin 


Therapy of Hypertension. The Use of Veratrum Viride 
Alone and Combined with Certain Dihydrogenated 
Alkaloids of Ergot. I. L. JosepHs. Ann. west. Med. 
Surg., 4, 789-794, Dec., 1950. 

Veratrum viride contains several alkaloids and acts as 

a vagotonic. Injection into animals causes a slowing 

of respiration and of the pulse, and a fall in blood pressure. 

In man the drug is given by mouth. On account of 

reactions only 4 of 25 patients were able to tolerate a 

large enough dose to cause a fall in the diastolic pressure 

of more than 10 mm. Hg. Of the remaining patients, 

10 were then given, in addition, 2 to 5 mg. of *“* CCK 179” 

(a mixture of the three sympathicolytic alkaloids of ergot) 

which they had previously been unable to take except 

for short periods or in inadequate doses owing to its 

“blocking effect.” Good results are claimed from 

this combined therapy, falls in the blood pressure up to 

70 mm. Hg systolic and 30 mm. Hg diastolic being 

recorded and maintained up to 10 months. The re- 

maining 11 patients were found to respond to CCK 179 

alone, equally good results being noted. 

Cc. W. C. Bain 


The Effect of the Dihydrogenated Ergot Alkaloids 
(CCK-179) on the Electrocardiogram. M.C.THORNER, 
C. T. STOLPESTAD, and G. C. GRIFFITH. Ann. west. 
Ved. Surg., 4, 795-798, Dec., 1950. 

Five patients with normal blood pressure and 5 with 

hypertension were given intravenous injections of 

“CCK 179” (a mixture of the 3 sympathicolytic 

dihydrogenated ergot alkaloids). Electrocardiograms 

were taken 5 to 60 minutes after the injections. No 
changes were found, although substantial falls in blood 
pressure were noted in 2 of the patients. 

C. W. C. Bain 


Diseases of the Heart and Circulation. PAUL Woop, 
O.B.E., M.D., F.R.C.P. London: Eyre & Spottis- 
oode, 1950. Pp. 589; illustrated. 70s. 


In reading this excellent rendering of modern cardio- 
lovical thought and practice one is impressed by the 
author’s gift of clear descriptive phraseology and crisp 
sta'ement of fact. Sometimes his assertions are so 
incisive that they seem too dogmatic, yet it is difficult 
to ind fault with his quoted opinions, and the impression 
ga.ned is that an enormous amount of careful work has 
gone into their verification. Indeed, so much of the 
gr und covered has already been tilled in person by the 
au 1or that its harvest is enriched by this direct approach 
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and by his first hand experience. Many or the X-ray 
illustrations could be improved, but if the book suffers 
thereby it gains from its valuable and up-to-date biblio- 
graphy and the detailed differential index. This is a 
work which no cardiologist who aspires to keep abreast 
of his subject can afford to be without. 

J. L. Lovibond 


Clinical Heart Disease, 4thed. SAMUEL A. LEVINE, M.D., 
F.A.C.P. W. B. Saunders & Company, Philadelphia 
& London, 1951. Pp. 556; 192 figs., 40s. 

The attraction of this work lies in the pleasant reading 
that it affords. One is, however, mildly disappointed 
to find that the section on congenital heart disease is not 
more informative, that the chapter on hypertension omits 
discussion of much recent work, and that, throughout 
the book, several aspects of more modern therapeutic 
methods have been omitted. Nevertheless, so rich are 
its pages with the author’s personal clinical illustrative 
experiences and so many are the wise counsels of broad 
principle and human understanding which it contains 
that the reader cannot fail to profit by studying it. The 
greater part of the book covers the clinical field of heart 
disease by chapters which take the form of individual 
essays, wherein emphasis is always given to the practical 
aspects of the subject. There are no illustrations or 
bibliography, but the last third of the volume, which is 
devoted to clinical electrocardiography, is profusely 
illustrated. J. L. Lovibond 


Introduction to the Regulation of Blood Pressure and Heart 
Rate. CHARLES C. THoMAS. Corneille Heymans, 
Springfield, Illinois, U.S.A., 1951. Pp. 60; 25 figs. 
15s. 

The physiological control of arterial pressure is sum- 

marized and discussed. The separate and complex 

mechanisms that affect the control of circulatory 
homeostasis are dealt with individually in short chapters, 
illustrated by explanatory figures, and 55 references are 
given. This booklet is printed by lithography which is 

unattractive to the reader, but it should find a place as a 

work of reference in circulatory problems. 

J. L. Lovibond 


Heart Disease in Pregnancy. A. MORGAN JONES. 
London: Harvey & Blythe, Ltd., 1951. Pp.57:; 2 figs; 
4 plates. 6s. 
The indications for premature termination of pregnancy 
in heart disease are now well understood, and interference 
is not often justified. The outlook for the pregnant 
mother with heart disease is considerably less gloomy 
than it used to be. In this thoughtful and informative 
monograph the many aspects of diagnosis, management, 
and prognosis are carefully discussed, and helpful 
opinions are expressed. An interesting chapter on the 
physiology of the circulation is included, and a list of 
83 references appears at the end. The work is based on 
observations of 485 consecutive pregnant patients with 
organic heart disease, and is a worthy counterpart to the 
earlier studies from the Manchester School made by 
Bramwell, who provides the foreword to the present 
book. J. L. Lovibond 
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Characteristics of the Unipolar Precordial Electrocardio- 
gram in Normal Infants. R.F. ZIEGLER. Circulation, 
3, 438-443, March, 1951. 


Unipolar precordial leads were recorded in 145 normal 
infants from birth to the age of 3 years. Analysis of 
these revealed evidence of a normal degree of right 
ventricular preponderance at this age, as exemplified by 
large amplitude and late onset of the intrinsic deflection 
in leads from the right side of the precordium. The 
characteristic features of the T wave include upright T 
waves in V1 and inverted T waves in V5 and V6 during 
the first 24 hours after birth. During the next 48 to 72 
hours there is progressive inversion of T in V1 and V2, 
and elevation in VSand V6. In older infants and young 
children there is slight to moderate elevation of the S-T 
segment, with multiphasic or inverted T waves in leads 
from the right and mid-precordium, and upright T waves 
in leads from the left precordium. Emphasis is laid 
upon the value of these criteria of normality in the 
diagnosis of congenital heart disease. 
William A. R. Thomson 


Effect of Nitroglycerine on the Cardiovascular system of 
Normal Persons. R. WEGRIA, J. L. NICKERSON, R. B. 
Case, and J. F. HOLLAND. Amer. J. Med., 10, 414-418, 
April, 1951. 


The effect on the cardiovascular system of doses of 
nitroglycerine used clinically (0-0006 g.) was studied in 
10 normal persons. Cardiac output per minute, systolic 
output, and heart rate were observed to increase whereas 
the blood pressure did not change. The cardiac work 
per beat and per minute is therefore increased by the dose 
of nitroglycerine employed. 

These findings suggest that nitroglycerine relieves the 
anginal pain of myocardial ischemia by increasing the 
coronary flow relatively more than the work of the heart. 
They would also appear to suggest a physiologic basis for 
caution in using nitroglycerine when the cause of the 
anginal pain is not definitely established to be simple 
temporary myocardial ischemia and may be due to 
coronary occlusion.—(Authors’ summary.) 


Subacute Bacterial Endocarditis. A Review of 442 
Patients Treated in 14 Centres Appointed by the Penicil- 
lin Trials Committee of the Medical Research Council. 
J. E. Cates and R. V. Curistie. Quart. /. Med., 20, 
93-130, April, 1951. 


This paper reports the results of the treatment of 442 
patients with subacute bacterial endocarditis in 14 
centres in the British Isles between 1945 and 1948. In 
408 cases a positive blood culture was obtained before 
treatment began. The follow-up period varied from a 
few months to over 4 years. The ages of the patients 
ranged from 7 to 74 years, but 62% were between 15 
and 35 years of age. There were 202 men and 206 
women. 

Disease of the mitral valve alone occurred in 169 
patients. The aortic valve alone was affected in 44 
cases. Both aortic and mitral valves were diseased in 

There were 45 patients with congenital heart 
The sex incidence in this group was equal, but a 


143 cases. 
disease. 
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ventricular septal defect was slightly commoner in the 
males and persistent ductus arteriosus in the femiles, 
Seven patients were found post mortem to have bicuspid 
aortic valves. Of 139 cases in which the etiology ‘vas 
specifically sought there were acquired lesions in — 20, 
and probably 90% of these were rheumatic. Syp) ilis 
was present in 4 cases, but was the sole cause of the 
disease in only one. Hypertensive heart disease was the 
cause in: only one case. In no case was myocar dial 
infarction the predisposing cause of infection, nor did 
infection occur in a previously normal heart. 

The infecting organism was an a-hemolytic strepto- 
coccus (Streptococcus viridans) in 87% and a non- 
hemolytic streptococcus in 7% of cases. In the re- 
mainder other streptococci, staphylococci, Haemopiiilus 
influenze or para-influenze, and a pneumococcus were 
found, and in 3 cases there was a mixed infection. In 
85% the resistance of the Strept. viridans to penicillin 
was between one-quarter and twice that of the Oxtord 
staphylococcus; in only 4% was it 8 or more times 
resistant. Of the patients with Strept. viridans in- 
fection 65 relapsed, and an increase in resistance to 
penicillin was reported in 15. 

In a representative group of 215 cases there were 
signs of dental sepsis or a history of tooth extraction 
in 48%, and in 14% some other focus was found. Ina 
group of statistically ‘‘ unselected ’”’ patients the initial 
symptoms were those of fever in 63%, heart failure in 
30%, peripheral embolism in 20%, joint pains in 17%, and 
pulmonary embolism in 10%. Other initial symptoms 
included gastro-intestinal upsets, headaches, Osler’s nodes 
or tender finger pulps, skin rashes, or amenorrhea. 

On the basis of these results it is recommended that the 
minimum dosage of penicillin should be 2 mega units 
daily for 4 to 6 weeks. If the infecting organism is four 
or more times as resistant as the Oxford staphylococcus 
a larger dose may be required; with very resistant or- 
ganisms 10 or 20 mega units daily may be necessary. 
Probably the combination of penicillin and streptomycin 
is the treatment of choice in these cases. 

Patients who relapsed did so within 20 days from the 
end of treatment in 75% and within a month in 92° of 
cases. After 6 months of apparent cure the risk of a 
delayed relapse or reinfection is 2% perannum. A major 
arterial embolism occurred in 145 cases (35%); in half of 
these it was cerebral. Coronary embolism was diagnosed 
during life in 8 cases and found post mortem in another 8. 
Other sites of serious embolism included 8 in the eye, 6 in 
the mesentery, and 10 in the aorta, iliac artery, or main 
blood vessels of the leg. Pulmonary embolism affected 
35% of the patients with congenital and 10% of those 
with acquired heart disease. Auricular fibrillation was 
recorded at some stage in 4% of cases. 

Of the patients who died from heart failure 53 came to 
necropsy, and severe damage to the valves or chorde 
tendinee was found in 26%. Over 80% of patients 
showed some evidence of mild renal damage, but this 
usually resolved in a few weeks. Infection had not been 
controlled or had recurred in 45 (23%) of the 195 patients 
who died; many of these had received inadequate treat- 
ment. Heart failure was the commonest cause of death 
and was present in 63% of cases. Other causes of death 
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were arterial embolism (13%), hemorrhage (10%), 
uremia (9%), rheumatic fever (2%), pulmonary embolism 
(2°.), and pneumonia (2%). Heart valves were stained 
for organisms in 60 cases in which patients died with the 
infection apparently controlled: organisms were seen in 
39 (65°%) and seemed to be viable in 19 (33%). The 
significance of these findings remains in doubt. Of the 
408 patients 14°% died during treatment and another 27% 
died in the first 6 months after treatment had ceased. In 
subsequent years an average of only 4% of the survivors 
died per annum. 

The most important of the various factors affecting 
prognosis was the presence of heart failure before treat- 
ment. Other factors were age, sex, the site of the lesion 
and the question whether it was congenital or acquired, 
the state of nutrition, and the duration of infection. 

A. W. H. Foxell 


Treatment of Enterococcal Endocarditis and Bacteremia. 
Results of Combined Therapy with Penicillin and 
Streptomycin. W. C. Rossins and R. Tompsetr. 
{mer. J. Med., 10, 278-299, March, 1951. 


To 5 patients with enterococcal enteritis the authors 
gave concurrent courses of penicillin and streptomycin 
for periods ranging from 28 to 42 days. Permanent 
arrest of the infection occurred in 4 cases. Although the 
fifth patient succumbed, it was considered that the infec- 
tion had been controlled and that death was due to cardiac 
failure. A. Garland 


Clinical Aspects of Coronary Heart Disease. An Analysis 
of 100 Cases in Patients 23 to 40 Years of Age with 
Myocardial Infarction. M. M. GertLer, M. M. 
DRISKELL, E. F. BLAND, S. M. GARN, J. LERMAN, S. A. 
Levine, H. B. SpRAGUE, and P. D. Wuite. J. Amer. 
med. Ass., 146, 1291-1295, Aug. 4, 1951. 


The subjects of the authors’ study of myocardial in- 
farction were 97 men and 3 women in whom infarction 
developed before the age of 40. Of these patients 64 
had preceding symptoms—angina, dyspnoea or “ indi- 
gestion.”” The attacks came on as a rule during the 
working day: in only 11 cases was the onset during sleep. 
In 21 instances the patients were engaged in some unusual 
activity suggesting that effort might accelerate the 
process leading to infarction. The patients were of 
mesomorphic body build, shorter, more muscular, 
heavier, and broader than a control group, and they 
usually looked older than their chronological age. 
Blood cholesterol levels were higher on the average than 
in the controls of the same age. Attacks tended to come 
on during the winter months. J. McMichael 


Coronary Occlusion in Young Adults. Review of a 
Hundred Cases in the Services. M. NEWMAN. Lancet, 
1045-1048, May 12, 1951. 


The author reviews 50 further cases of coronary occlusion 
\rring in men and a woman recently discharged from 
Services. With the series described in 1946 this makes 
tal of 100 patients. Of these the youngest was 20 
crs and the eldest 35 ; a quarter of them were under 
ears and half under 32. Nearly all were graded Al 
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on admission ; only 9 out of the 100 were officers and 
only 14 had sedentary occupations before joining up. 
Most were strongly built. The total mortality was 80°% 
and 74% were either found dead or died immediately 
after a collapse. A thrombus was present in less than 
one-quarter of the cases, the occlusion being usually 
caused by an atheromatous plaque or gross atheroma. 

It is suggested that genetic influences are the important 
factor in the etiology of coronary disease in young 
people. C. W. C. Bain 


The Electrocardiogram in Hypertension. A. W. D. 

LEISHMAN. Quart. J. Med., 20, 1-12, Jan., 1951. 

An analysis of 218 hypertensive patients is reported. 
Major abnormalities, such as T-wave inversions in leads 
I, Il, or V4, V5, or V6, were significantly commoner in 
patients with severe retinal changes, angina, severe 
diastolic hypertension, and cardiac enlargement. There 
was no consistent association, however, between any of 
these findings and the electrocardiographic changes, 
which could not be explained satisfactorily on the sole 
basis of ventricular fatigue, hypertrophy, or of coronary 
insufficiency. 

The progress of a group of 11 patients followed after 
sympathectomy was considered. It was noted that 
the electrocardiographic improvement found in 7 could 
be better associated with gradual reduction in heart size 
than with a fall in blood pressure. 

It is suggested that the cardiographic changes of 
hypertension may be explained best by the occurrence 
of ventricular hypertrophy out of proportion to the 
available capillary blood flow, and that they are therefore 
fundamentally due to myocardial ischemia. The 
ischemia and cardiographic abnormalities may be cor- 
rected if reduction in ventricular hypertrophy follows 
sympathectomy. 

The cardiogram in a hypertensive should thus be in- 
terpreted in relation to the size of the heart. A normal 
tracing in the presence of an enlarged heart implies a 
good coronary flow, while an abnormal tracing with a 
heart of normal size implies an impaired coronary 
circulation. J. A. Cosh 


The Prognosis in Arterial Hypertension: Report on 117 
Patients under 53 Years of Age followed 8 to 10 Years. 
A. H. Griep, G. R. BARRY, W. C. HALL, and S. W. 
Hoosier. Amer. J. med. Sci., 221, 239-249, March, 
1951. 


In this investigation 117 patients under 53 years of age 
with blood pressures exceeding 160/110 mm. Hg but 
without primary renal disease or terminal complications 
were followed up for 8 to 10 years. Of these, 46% died 
from hypertensive complications almost equally divided 
between cardiac and cerebrovascular causes; uremia was 
rare; 46% were alive after 10 years. Prognosis was more 
serious when hypertensive complications—in particular 
cardiac enlargement, persistent albuminuria, and en- 
cephalopathy—were present. The height of diastolic 
blood pressure, the male sex, abnormal electrocardiogram, 
and retinopathy were significant factors in prognosis. 
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Age, duration of hypertension, and the presence of head- 
aches or dizziness at the initial examination were not sig- 
nificant. About 80% of patients with hypertensive com- 
plications died within 9 years, compared with only 20% in 
cases without vascular damage. Of the survivors 80% 
were without disabling symptoms. The authors note 
that the blood pressure showed little tendency to change 
either in the survivors or in those who died, and that the 
height of or changes in the level were unreliable as prog- 
nostic signs. I. Ansell 


The Rice Diet in Ambulatory Patients with Essential 
Hypertension. A Two-year Study of 105 Patients. 
D. G. LoorBsourow, D. CALLAHAN, and R. S. PALMER. 
New Engl. J. Med., 244, 577-581, April 19, 1951. 


Patients were selected because of symptoms giving rise to 
anxiety, because they were seriously but not acutely ill, 
because they had damage to one or more organs, or be- 
cause they had malignant hypertension not amenable 
to surgery. This group represented about 20% of the 
patients attending the hypertension clinic. A control 
series On conservative treatment was studied concurrently. 
Patients were maintained on the diet for periods ranging 
from 4 weeks to 4 months. Adherence to the diet was 
tested by the finding of 10 mEq. or less of urinary chloride 
per litre. Patients with more than 50 mEq. were con- 
sidered to be delinquents. The criterion chosen with 
regard to blood pressure was a fall of 20 mm. in the 
diastolic pressure, whereas Kempner adopted a similar 
fall in the mean arterial pressure. 

Many of the patients, as is common with a new treat- 
ment, reported subjective improvement. 

The investigators conclude that this severe form of 
treatment should be reserved for severe forms of the 
disease. It is easy to explain and it is easy to follow. It 
may, however, be lethal, is costly in time and money, 
and, because of the monotony, may easily give rise to 
depression. They point out that their stricter criterion 
for improvement in blood pressure indicates that this has 
occurred in only one-half to one-third the number of 
cases shown to be improved when the Kempner method 
is used. J. Maclean Smith 


Treatment of Arterial Hypertension by Penta- and Hexa- 
methonium Salts. Based on 150 Tests on Hypertensives 
of Varied Aetiology and 53 Patients Treated for Periods 
of Two to Fourteen Months. F. H. Smirk and K. S. 
ALSTAD. Brit. med. J., 1, 1217-1228, June 2, 1951. 


This important paper reports 53 cases of hypertension 
treated with hexamethonium bromide for periods of 
2 to 14 months. The cases were selected from 150 
cases of varied etiology after a test injection of 15 mg. 
A good fall in blood pressure was the basis of selection 
for continued treatment. The authors found that toler- 
ance to the drug rapidly developed, and 5 to 10 times the 
original dose might subsequently be necessary to produce 
the same effect as the initial dose. The effects of the drug 
were enhanced by a low-sodium diet. 

It is pointed out that with oral dosage it is not always 
possible to maintain a substantial fall in blood pressure. 


ABSTRACTS 


The selection of patients requires care, and caution should 
be exercised in those with much cerebral or coronary 
sclerosis. Treatment can be dangerous if it is not ad- 
justed to the patient’s response to the drug, pos ural 
hypotension, salt intake, and tolerance. With impair- 
ment of renal function it may be ineffective. 

There has been good clinical improvement in the 
subject treated, with relief of dyspnoea, pulmonary -on- 
gestion, headache, papilloedema, and retinal exudation. 
In some cases there has been complete or partial reversal 
of the electrocardiographic changes of hypertension. 
The authors believe that with care in the administration 
of the drugs, hexamethonium salts are an effective and 
generally applicable remedy for most cases of hyper- 
tension. James W. Brown 


Uraemia Complicating Low Salt Treatment of Heart 
Failure. A.B. BLACK and J. A. LITCHFIELD. Quart. 
J. Med., 20, 149-162, April, 1951. 3 figs., 18 refs. 


The authors describe cases of cardiac failure in which 
the patient, in addition to receiving a mercurial diuretic, 
was given a diet containing less than 0-2 g. of sodium per 
day. This treatment led to salt depletion, but at the 
same time to uremia and, in some cases, to death. 
The glomerular filtration rate, renal plasma flow, and 
urea clearance were depressed. Administration of salt 
led to rapid improvement. G. Loewi 


Congestive Heart Failure and Hyponatremia: Untoward 
Effects of Mercurial Diuresis. D. Citron, B. BERcu, 
R. LemMmer, and E. MAsse. Ann, intern. Med., 34, 
872-880, April, 1951. 


This paper-is a salutary warning against the dangers 
of using mercurial diuretics with a low-sodium diet 
without adequate biochemical control in the treatment 
of congestive heart failure. In the presence of a lowered 
sodium plasma level and hypochloremia, mercurial 
diuresis is diminished, the patient’s condition deteriorates, 
and if electrolyte depletion is increased by further 
attempts at diuresis, then dizziness, drowsiness, muscular 
pains, and apathy occur. Anorexia may further decrease 
sodium intake and confusion or frank psychosis may 
appear, to be followed at times by convulsions, coma, 
and death. The predominant role of sodium is indicated 
by persistence of the syndrome, despite raising of the 
plasma chloride level by administration of ammonium 
chloride. Careful intravenous infusion of 5°% sodium 
chloride solution restores the electrolyte balance with 
rapid disappearance of these symptoms. T. Semp! 


Clinical, Laboratory, and 
D. B. CARMICHAEL, H. B. 
Circula- 


Acute Nonspecific Pericarditis. 
Follow-up Considerations. 
SPRAGUE, S. M. WYMAN, and E. F. BLANb. 
tion, 3, 321-331, March, 1951. 


A clinical survey and follow-up of 50 cases of acute 
non-specific pericarditis is described. The disease 
occurred at all ages, but 31 of the patients were in the 
second, third, and fourth decades: 29 had an uppe 
respiratory infection which preceded the pericarditis 
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fron. | to 60 days; in over half, however, this interval was 
7to \4days. In 25 cases the onset was abrupt, and in 46 
the ‘nitial symptom was pain. The commonest asso- 
ciated symptoms were malaise and fever (49), cough (19), 
and dyspnoea (18). A pericardial rub was heard within 
a few hours of onset in the majority of the cases. Pleural 
effusion was found in 14 cases. Cardiographic changes 
were nearly constant, but might be very evanescent. 
Information was available about 41 patients after 
2 or more years: | had died of hypertension known to 
have been present for years before the pericarditis: 6 gave 
a clear-cut history of more than one attack of peri- 
carditis, and 2 had had four recurrences each. In 6 cases 
electrocardiographic changes had persisted. An X-ray 
follow-up examination was made on 37 patients and one 
showed calcification of the pericardium. However, the 
majority were in excellent health. C. Bruce Perry 


Metastatic Carcinoma of the Pericardium. F.LAMBERTA, 
M. J. NAREFF, and J. ScHwas. Dis. Chest., 19, 528- 
536, May, 1951. 


During necropsy on 1000 patients with carcinoma, 
metastasis in the pericardium was found in 31. In 23 
the primary site was the lung; in the remainder it was 
in the breast, cesophagus, or pancreas. Pericardial 
effusion was found in 9 of the cases, constrictive peri- 
carditis in one. The remainder showed either a direct 
extension of the growth or else an obliterative pericarditis. 
A case of hemopericardium from a primary growth 
in the pancreas and one of constrictive pericarditis 
secondary to a bronchogenic carcinoma are described. 

It is concluded that metastatic involvement of the 
pericardium is rare and does not usually cause symptoms. 
The occurrence of paroxysms of auricular fibrillation and 
flutter should suggest involvement of the epicardium. 

C. W. C. Bain 


Hydraulic Formula for Calculation of the Area of the 
Stenotic Mitral Valve, other Cardiac Valves, and Central 
Circulatory Shunts. I. R.Gor win and S. G. Gor.in. 

{mer. Heart J., 41, 1-29, Jan., 1951. 5 figs., 34 refs. 


A formula for calculating the area of the mitral orifice 
has been derived from standard hydrokinetic orifice 


formulae. In its general form the formula is A= js 

Cy 2¢h’ 
where A=cross-sectional area in sq. cm. of the orifice; 
F={low rate in ml. per second; C=empirical constant; 
g=ravity acceleration; and A=pressure gradient across 
the orifice. (When this formula is applied to a diseased 
mitral valve the factor g is the only one which is capable 


of direct measurement.) This formula has been used to 
late the area of the orifice of mitral valves, tricuspid 
val\ cs, atrial septal defects, and ventricular septal defect. 
The constant C has yet to be determined for the aortic 
Va 


Cal 


6 cases of mitral stenosis the estimated size and the 
siz: of the orifice measured at necropsy agreed to within 
0-2 sq. cm. The method is put forward as a useful 
ob). -tive test in the evaluation of the effects of val- 
H. E. Holling 


vul ‘omy. 
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Cortisone Therapy in Acute Rheumatic Carditis: Pre- 
liminary Observations. T. N. HArRis, W. B. ABRAMS, 
T. F. P. Leo, and J. P. Huspsparpb. Circulation, 3, 
215-223, Feb., 1951. 


The authors have studied the effects of cortisone therapy 
in 4 cases of acute rheumatic carditis. The ages of the 
patients were 4, 13, 14, and 22 years. The daily dosage 
of cortisone was 112-5 mg., except for the 4-year-old 
child, who received 75 mg. daily. The 4-year-old received 
one course of treatment, the other patients two courses, 
the duration of a course being about 3 weeks. 

Fever generally subsided in from 1 to 7 days from the 
beginning of cortisone therapy. Joint pains, where 
present, disappeared within 4 days. In 3 patients con- 
gestive cardiac failure developed 4, 10, and 20 days respec- 
tively after starting cortisone therapy; this responded well 
to the usual therapeutic measures while hormone therapy 
was continued. 

After cessation of the course of cortisone treatment, 
recrudescence of rheumatic activity occurred in all 
4 patients. C. E. Quin 


Priscol in Treatment of Peripheral Vascular Disease. 
J. F. Goopwin and S. KapLan. Brit. med. J., 1, 
1102-1107, May 19, 1951. 


An account is given of an investigation of the effects 
of 2-benzyl-4: 5-imidazoline hydrochloride (priscol) in 
12 patients between the ages of 47 and 75 with oblitera- 
tive vascular disease. The effect of priscol was assessed 
objectively by means of skin-temperature readings, 
reflex heating tests, and measurement of circulation rate 
with sodium fluorescein. The methods are described 
in some detail. Patients were placed in two groups 
according to response to reflex heating—the “ spasto- 
occlusive ” group with a considerable number of collateral 
vessels capable of dilating, and the “ occlusive ’’ group 
with poor collateral supply. All patients were in- 
vestigated after reflex heating before and during therapy. 

An initial dose of 50 mg. thrice daily was given by 
mouth, and in 2 cases this was increased to 100 mg. 
thrice daily, the duration of treatment being from 12 
days to 12 weeks. All patients noticed flushing of the 
whole body, mainly the lower limbs and also head- 
ache, but these symptoms were not severe. Graphs 
show the response to treatment in both groups, and 
tables the effect on fluorescein times. There was sub- 
jective improvement in all patients except one, the pain, 
numbness, and paresthesie being reduced or abolished. 
Nine out of 10 patients complaining of claudication 
could walk farther without pain, and pain was less 
severe when it did occur. Two patients suffering from 
Raynaud’s disease did not develop an attack during 
therapy. 

It is concluded that priscol is an effective vasodilator 
when given orally to patients with occlusive arteritis, 
and is more effective in those in whom vasodilatation 
of collateral vessels is possible, although limited im- 
provement may be expected in the other group. It is 
suggested that it may prove an alternative to, but not a 
substitute for, sympathectomy. It may also prove to be 
the treatment of choice in uncomplicated Raynaud’s 
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disease. Absence of serious toxic effects and ease of 
administration suggest that further trial is indicated. 
A brief review of the results of previous workers with this 
drug is included. P. G. Swann 


An Evaluation of Some Dihydrogenated Alkaloids of 
Ergot in the Management of Chronic Peripheral Vascular 
Diseases. R. J. PopxKIn. Angiology, 2, 114-124, 
April, 1951. 


A mixture of equal parts of three hydrogenated ergot 
alkaloids—dihydroergocristine, dihydroergocornine, and 
dihydroergocryptine—was used in the treatment of 
certain groups of peripheral vascular disease in the hope 
of producing a “ medical sympathectomy.” The drug 
was usually administered orally in doses of 1 mg. once, 
twice, or three times daily. Observations were also 
made on the effect of 0-3 mg. administered sub-cuta- 
neously. 

Treatment was given for 12 to 24 months to 178 
patients with arteriosclerosis obliterans and 14 with 
thrombo-angiitis obliterans. Of this total, 126 showed 
what is claimed as “ significant clinical improvement. ” 
The improvement usually noted consisted of increased 
temperature in the affected limb and more rapid warming; 
25% of the patients were able to walk farther before 
pain was experienced, and paresthesia and pain at rest 
were reduced in 15%. All patients (20) with ulceration 
showed increased healing. Of 26 patients with vaso- 
spastic disorders—Raynaud’s syndrome due to various 
causes and Raynaud’s disease—only 4 showed any 
improvement. 

Patients with oedema of the legs due to thrombo- 
phlebitis and other conditions were also treated, and in 
25 out of 32 there was diminution of the cedema. 
Oscillometer recordings, blood pressure, and pulse rate 
showed no constant change. Angina pectoris was never 
affected and the electrocardiogram was unchanged. 
Thus the main effects of the drug were noted in organic 
obliterative arterial disease. In elderly patients there 
also occurred a general euphoria and improved sense of 
well-being. C. Bruce Perry 


The Pathogenesis of the Wolff—Parkinson—White Syn- 
drome. (Uber die Pathogenese der atypischen 
verkiirzten AV-Uberleitung (Syndrom von Wolff, 
Parkinson und White). E. GADERMANN. Z. Klin. 
Med., 148, 1-11, 1951. 


The author reports 42 cases studied in detail with special 
reference to the fundamental process of the malady. The 
original cases of Wolff, Parkinson, and White (Amer. 
Heart J., 1930, 5, 685) were marked by functional bundle- 
branch block and abnormally short P-R interval and 
were in young people otherwise healthy except for liability 
to attacks of auricular fibrillation or of paroxysmal tachy- 
cardia. The authors regarded the malady as benign, but 
this conception has been challenged more than once in 
the last 20 years. 

In the present article the view is expressed that pre- 
mature excitation of the ventricle may be the under- 
lying disturbance, and that this is by no means always 
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benign. Moreover, the malady is almost certainly due to 
extra conducting bundles between the auricles and ven- 
tricles but other abnormalities, such as a single accessory 
branch from the main bundle, may well be the cau-e of 
premature excitation. Just as there may well be a wide 
variety of abnormalities in the conducting bundles, so 
there may be a wide variation in the prognosis 0! the 
malady, which is probably a great deal more common ‘han 
is usually believed. 

(The present article should be read in association with 
the work of Duthie (Brit. Heart J., 1946, 8, 96) and with 
the original work of Parkinson.) G. F. Walker 


The Treatment of Urgent Cases of Paroxysmal Auricular 
Fibrillation. A Proposed Method for Aiding in the 
Choice between Digitalis and Quinidine. E. HELLMAN, 
M. R. ALTCHECK, and C. D. ENSELBERG. Anicr. J. 
med. Sci., 221, 655-660, June, 1951. 


Digitalis was given intravenously to 27 patients with 
paroxysmal auricular fibrillation. In one case only was 
normal rhythm restored; slowing of the ventricular rate 
was achieved in one other case. Quinidine was given 
by mouth to 22 patients and normal rhythm was restored 
in 20. The smallest dose of quinidine required was 
0-2 g.; the largest total dosage was 7°5 g., and the largest 
individual dose was 0:8 g. 

The authors suggest that digitalis will not slow the 
ventricular rate unless heart failure is present. They 
consider, however, that it is worth giving intravenous 
digitalis first. If no slowing has occurred within an hour, 
quinidine by mouth should be substituted. |The use of 
intravenous quinidine is not mentioned.] 

C. W.C. Bain 


The Circulation Time (Arm to Tongue Time) in Large 
Pericardial Effusions: an Aid in the Differential Diag- 
nosis between Large Pericardial Effusion and Cardiac 
Dilatation. S. BeLLeT, C. S. NADLER, and W. A, 
STEIGER. Ann. intern. Med., 34, 856-861, April, 1951. 


In 16 patients with large pericardial effusions and small 
hearts, the circulation time was found to be normal or 
only slightly raised. In view of the established relation- 
ship between cardiac dilatation and circulation time, this 
simple test would seem to be a useful aid in differential 
diagnosis. T. Semple 


An Evaluation of Methods of Dicumarol Administration. 
S. SHAPIRO and M. WEINER. Amer. Heart J., 41, 749- 
754, May, 1951. 


Factors to be considered in deciding the initial dosage 
of dicoumarol are reviewed. Estimation of the blood 
level of dicoumarol in one patient who was relati\cly 
insensitive to dicoumarol and who transformed it slowly 
showed that an initial dose of 600 mg. followed by 
400 mg. at 10-day intervals maintained a satisfactory 
blood prothrombin level; daily doses of 50 and 100 mg. 
caused a toxic accumulation after the drug had been 
stopped at a satisfactory prothrombin level. Large 
doses at intervals of several days are preferred to a da |y- 
dose regimen. D. Ver: 
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The \ction of Procaine Amide in Cardiac Arrhythmias. 
H. Mitcer, M. H. NATHANSON, and G. C. GRIFFITH. 
J. Aimer. med. Ass., 146, 1004—1007, July 14, 1951. 


A dose of 500 mg. of procaine amide was administered 
by slow intravenous injection to 50 patients with cardiac 
arrhythmia. Ventricular premature systole was abolished 
within one minute in 26 out of 31 cases. The effect lasted 
from 7 minutes to over 2 hours. Of 8 cases of ventricular 
tachycardia, normal rhythm was restored in 4 and the 
rate was slowed materially in another 4. Normal rhythm 
was also restored in 3 cases of supraventicular tachy- 
cardia, and the rate slowed in 1. Established fibrillation 
was unaffected, but a paroxysm of fibrillation ceased one 
minute after the injection. The drug is effective by 
mouth and can be given in doses varying from 0°5 g. three 
times daily to 1 g. 3-hourly either prophylactically or to 
terminate a paroxysm. 

Reactions were mild and consisted in a bitter taste, 
flushing, or a moderate fall in blood pressure after 
intravenous injection, and gastric discomfort after oral 
administration. It would appear that this drug has a 
definite place in the control of the arrhythmias, especially 
arrhythmia arising in the ventricle. C. W. C. Bain 


Effect of Venous Occlusion on Peripheral Arterial Blood- 
fiow. J. E. THomMpSON and J. R. VANE. Lancet, 1, 
380-382, Feb. 17, 1951. 


Intermittent venous occlusion has been employed in the 
treatment of obliterative disease of the blood vessels, the 
basic idea being that hyperemia may follow the release 
of the occlusion and permit an improved collateral circu- 
lation. Owing to conflicting reports as to the results of 
this treatment, a detailed study has been made in cats. 
In the experimental animal the usual method has been 
to measure the arterial blood flow during and after 
periods of venous occlusion, while in man _ indirect 
methods have been employed. 

It is concluded that venous occlusion actually decreases 
the arterial inflow, and that any transient increase in 
arterial flow following release of the venous obstruction 
does not compensate for the reduction during the period 
of occlusion. The possible errors that gave rise to the 
impression that there was an increased arterial supply 
are described. T. Holmes Sellors 


Resection of the Auricular Appendages. 
J. M. BEAL, and W. H. LEAKE. 
315, March, 1951. 


In rheumatic heart disease with auricular fibrillation the 
incidence of peripheral arterial embolism is high. As a 
means of preventing recurrence the authors propose 
resection of the atrial appendages, since the evidence 
indicates that in such cases the majority of emboli 
originate in them. Three cases are reported; left 
auricular appendectomy was performed on 2 patients 
and right appendectomy on 1. The latter had suffered 


W. P. LONGMIRE, 
Dis. Chest, 19, 307- 


repe ted pulmonary infarction, while the 2 others had 
had recurrent systemic embolic incidents which, in one 
pati-nt aged 50 years, had required bilateral mid-thigh 
amp ‘tations. 
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The patients tolerated the operation well; mural 
thrombi were present in each resected appendage. 
Maintained subsequently on a low salt diet and continued 
digitalis, no patient experienced further embolic episodes 
during a follow-up of from 5 to 10 months. 

C. A. Jackson 


The Deep Subcutaneous Administration of Concentrated 
Heparin. Observations on 15 Patients. D. V. BAKER, 
R. Warren, and J. S. BeELKo. New Engl. J. Med., 
244, 436-438, March 22, 1951. 

The effectiveness of deep subcutaneous injections of 

concentrated heparin (100 mg. per ml.) in the control of 

thrombo-embolic disease has been studied. Clotting 
times were estimated four times daily at first, and later 

twice daily, in patients under treatment. A dose of 50 

mg. heparin 4-hourly resulted in a clotting time of 

between 15 and 50 minutes, and this could be maintained 
up to 12 days. It is pointed out that the injection must 
be given deeply into the subcutaneous, tissue, in which 
case there is no pain or hematoma at the site of injec- 
tion; sites over the deltoid or gluteal muscles were used. 

The results in 15 patients ranging in age from 28 to 63 

years are given in graphic form. Peter Martin 


Aortic Aneurysm Associated with Arachnodactyly. M. F. 
Moses. Brit. med. J., 2, 81-84, July 14, 1951. 


The author notes that the number of necropsy reports on 
this condition is small, 26 in all. There were aortic 
lesions in one-half, but only 9 reports contained details of 
the histology of the aorta. This paper reports 2 further 
cases and includes post-mortem and histological findings. 
Both patients were women and had lesions of the lens in 
early life. Although a patent foramen ovale is assumed 
to be the most common cardiovascular lesion associated 
with arachnodactyly, aortic defects have been reported in 
15 cases whereas a patent foramen ovale occurred in only 
8 cases. The lesions in the aorta are thought to be due 
to a congenital malformation of the media. ' 
R. F. Jennison 


Ebstein’s Disease. C. BAKER, W. D. BRINTON, and 

G. D. CHANNELL, Guy’s Hosp. Rep., 99, 247-275, 1950. 
This rare congenital defect of the tricuspid valve, first 
described by Ebstein, gives rise to a variable clinical 
picture. Cyanosis, which is usually present, depends on 
the size of the atrial septal defect, but finger-clubbing 
and squatting are uncommon, serving to differentiate 
the condition from Fallot’s tetralogy. Palpitation and 
reduction of effort tolerance are usual, sometimes with 
anginal pain. Cardiac enlargement is considerable and 
is caused principally by a dilated rather than hyper- 
trophied right auricle and ventricle. There is no 
pulmonary stenosis. Both systolic and diastolic murmurs 
may be present, but are not constant Triple rhythm 
appears to be characteristic and may be explained by the 
right-bundle-branch block and prolonged auriculo- 
ventricular conduction which often accompany it. Pul- 
sating liver and other signs of tricuspid incompetence 
may add later to the disability. Death from pulmonary 
tuberculosis or paradoxical embolism is not uncommon. 
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The case histories of 2 patients, aged 11 and 17, 
are here fully reported and analysed in the light of 
cardiac catheter studies, angiocardiography, and morbid 
anatomy, and the literature, embryology, and differen- 
tial diagnosis are discussed in detail. J. L. Lovibond 


Endocardial Sclerosis. Review of Changing Concepts 
with Report of Six Cases. H.W. EDMONDs and W. B. 
SeELYE. Pediatrics, 7, 651-659, May, 1951. 


Six cases of the condition known as foetal endocarditis, 
fibro-elastosis of the endocardium, or endocardial 
fibrosis, are reported together with necropsy findings. 
As in previously recorded cases the occurrence of the 
disease in infancy, the presence of the lesions in the left 
side of the heart, and the frequency of sudden death are 
stressed. After discussing various theories the authors 
agree with other workers that the etiology is develop- 
mental rather than inflammatory, and that the heart 
failure which supervenes is due to intramyocardial 
congestion caused by occlusion of capillary drainage 
into the left ventricle as a result of gross endocardial 
thickening. G. J. Cunningham 


Aneurysms of the Sinuses of Valsalva. G. R. VENNING. 


Amer. Heart J., 42, 57-69, July, 1951. 


Seven cases of aneurysm of the sinus of Valsalva are 
reported. The lesion was thought to be congenital in 
1, probably congenital with superimposed endocarditis 
in 2, and the result of endocarditis in 4. In one case the 
rupture of the aneurysm into the right atrium was cor- 
rectly diagnosed in life from the clinical and radiological 
findings. It was suggested by the sudden onset of failure 
in a patient who at the same time became aware of a noise 
in his chest. There was gross congestive failure, with 
marked venous pulsation, a collapsing pulse, a displaced, 
forceful apex beat, and a loud, rough, continuous murmur 
greatest at the left sternal border by the 3rd and 4th 
spaces. There was electrocardiographic evidence of 
bundle-branch block with wide and bifid P waves. Radio- 
logical examination showed general cardiac enlargement 
and expansile pulsation in the small intrapulmonary 
vessels. 

The embryology and the difficulty of interpreting the 
pathological findings in the presence of endocarditis are 
discussed. D. Verel 


ABSTRACTS 


Calcification in the Patent Ductus Arteriosus. 
and E. SAMUEL. 
1950. 


A description is given of 4 cases in which calcification in 
a patent ductus arteriosus was demonstrated radio. 
graphically. The authors discuss the differential diag. 
nosis of this from 12 other causes of calcification in this 
region. In the 4 cases described, the calcification was 
seen as a curvilinear shadow lying between the aortic 
knob and the pulmonary arc. The calcifications showed 
simultaneous movement with the pulsation of the aorta 
and pulmonary artery. Regarding the differential 
diagnosis an aortic calcification is likely to cause confu- 
sion, but this is extremely rare in young adults and the 
arc of calcification is larger. It should also be remem- 
bered that calcification at the aortic end of an obliterated 
ductus does occasionally occur. G. A. Stevenson 


H. Ri SKIN 


Brit. J. Radiol., 23, 710-717, ee., 


Ventricular Filbrillation due to Digitalis Preparations, 
A Review and Report of Two Cases following Intra- 
venous Administration of Acetyl Strophanthidin. C. D. 
ENSELBERG, J. P. Croce, and B. Lown. Circulation, 
3, 647-657, May, 1951. 


The authors have reviewed the literature on digitalis 
induced ventricular fibrillation, but were able to find only 
4 cases with electrocardiographic proof. They suggest 
that ventricular tachycardia is not necessarily the pre- 
cursor of fibrillation, and may terminate in ventricular 
standstill. Some deaths from digitalis have followed a 
profuse diuresis, and may be connected with a profound 
depletion of potassium which renders the heart more 
sensitive to digitalis. 

Three instances of ventricular fibrillation, with graphic 
proof, are reported in 2 patients after intravenous 
acetyl strophanthidin. Both were elderly patients 
in severe congestive cardiac failure and had suffered 
recent cardiac infarction; one patient survived the first 
attack of fibrillation, but succumbed after a second 
injection of acetyl strophanthidin. It is probable that 
both patients would have died in any event. 

It is well known that digitalis poisoning readily occurs 
in elderly persons with severely damaged hearts, particu- 
larly after myocardial infarction. Whenever possible 
the intravenous use of digitalis should be avoided in such 
patients. J. F. Goodwin 











